Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


'Kd  /3S/6 


t 


^ 


7^**<C4;.^'^ 


0C^ 


^'^  ^l/Z.uOt,k44^ 


t\ 


>::\ir  Ji 


v% 


X 


A^  -N" 


^ 


THE 


COAL^METAL  MINERS' 

PdCKETBOOK 


OF 


PRINCIPLES,  RULES,  FORMULAS 

AND  TABLES 


SPECIALLY  COMPILED  AND  PREPARED  FOR  THE  CONVENIENT  USB  OF 
MINE  OFFICLKLS,  MINING  ENGINEERS,  AND  STUDENTS  PREPAR- 
ING THEMSELVES  FOR  CERTIFICATES  OF  COMPETENCY 
AS  MINE  INSPECTORS  OR  MINE  FOREMEN 


TENTH  EDITION:     REVISED  AND  ENLARGED 

WITH 

ORIGINAL  MATTER 


"Though  Index  Iflamlng  tarns  no  stndent  pale^ 
It  grups  the  Eel  of  Science  by  the  tail.'^ 


SCRANTON,  PA.:  ^ 

INTERNATIONAL  TEXTBOOK  COMPANY  j 

1911  / 


r 


/ 


CoftrIGHt;  189a,  1893,  1900 

BY 

The  CoiiLieb:t  ENanrasB  Company 


CtoPYRIGHT,  1901,  1905 

BY 

INTEBNATIONAL  TkITBOOK  COMPANY 


Entebed  at  Stationees'  Hall,  London 


AU  Eiglds  Reserved 


PRINTBO  BY 

INTERNATIONAL  TEXTBOOK  COMPANY 

SCRANTON,  PA.,  U.  S.  A. 


21038 


Preface  to  Ninth  Edition. 


In  this  edition,  the  principal  changes  are  in  the  section  on 
wire  rope,  which  has  been  greatly  enlarged  by  the  addition 
of  material  treating  on  cableways,  tramways,  transmission  of 
power  by  wire  rope,  and  wire-rope  calculations.  A  glossary  of 
wire-rope  terms  has  been  added  which  has  been  checked  up 
by  the  leading  wire-rope  makers  of  the  United  States,  and 
therefore  represents  the  latest  practice. 

A  number  of  changes  have  been  made  in  this  and  previous 
editions,  based  on  suggestions  of  users  of  the  Pocketbook. 
We  will  appreciate  any  notice  of  errors  or  omissions  so  that 
future  editions  may  be  made  as  complete  and  accurate  as 
possible. 
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Preface  to  Eighth  Edition. 

The  eighth  edition  of  The  Goal  and  Metal  Miners'  Pocket- 
book  is  an  exact  reprint  of  the  seventh  edition,  issued  to 
supply  the  demand  while  the  ninth  edition  was  being  pre- 
pared, and  in  which  a  number  of  changes  will  be  made. 


Preface  to  Seventh  Edition. 


The  speedy  exhaustion  of  the  sixth  edition  of  The  Ck)al  and 
Metal  Miners'  Pocketbook,  coupled  with  a  steady  and  increas- 
ing demand  for  it,  has  made  necessary  this  seventh  edition. 
In  it  a  few  tyi>ographical  errors  which  unavoidably  occurred 
(as  is  the  case  in  every  book  of  this  nature  and  size),  have 
been  corrected,  all  departments  have  been  carefully  revised, 
improved,  and  brought  up  to  date,  and  considerable  new 
matter  has  been  added.  Thus,  the  value  of  the  work  has  been 
materially  increased.  The  value  of  suggestions  as  to  improve- 
ments in  this  edition  made  by  users  of  the  sixth  edition  is 
acknowledged  with  thanks,  and  we  request  that  users  of  this 
new,  or  seventh,  edition,  will  kindly  call  our  attention  to  any 
errors  or  omissions  they  may  discover,  so  that  future  editions 
may  be  kept  fully  abreast  with  the  requirements  of  mining 
practice  as  such  practice  continues  to  advance. 


Preface  to  Sixth  Edition. 


The  fifth  edition  of  The  Coal  and  Metal  Miners'  Pocketbook 
was  very  kindly  received,  and  the  criticisms  of  it  were  most 
friendly  and  flattering. 

The  sixth  edition  has  been  compiled  under  x>articularly 
favorable  circumstances  and  is  much  more  complete  than  any 
previous  edition. 

Prominent  engineers  and  manufacturers  of  mining  machinery 
throughout  the  world  have  kindly  criticized  the  previous 
edition,  have  suggested  wherein  it  could  be  improved,  and 
have  sent  to  us  information  from  their  private  note  books 
that  has  never  before  been  published. 

The  staff  of  Mines  and  Mineraui,  the  large  force  of  Mining, 
Mechanical,  and  Electrical  Engineers  connected  with  The 
International  Ck)rrespondence  Schools,  and  many  other  engi- 
neers and  mine  managers  have  contributed  to  it. 
■  All  this  material  has  been  carefully  sifted,  verified  wherever 
possible,  and  combined  with  the  data  in  the  former  edition. 
By  careful  selection  and  rewriting,  or  by  different  methods  of 
presentation,  it  has  been  possible  to  include  essentially  all  that 
was  in  the  fifth  edition,  and  at  the  same  time  to  add  ^m  one- 
third  to  one-half  again  as  much  entirely  new  matter,  without 
materially  increasing  the  size  of  the  book. 

Every  portion  of  the  fifth  edition  has  been  either  entirely 
rewritten,  or  revised,  enlarged,  and  brought  up  to  date.  New 
illustrations  have  been  drawn,  and  the  entire  book  has  been 
printed  from  new  plates. 

The  sections  on  Mathematics  and  Surveying  have  been 
amplified  by  the  addition  of  new  tables  and  by  text  treating 
of  the  Solar  Transit  and  Rocky  Mountain  methods  of  sur- 
veying. 

The  sections  on  Hydraulics;  the  Application  of  Electricity  to 
.Mining;  Timbering,  Haulage,  Blasting,  Ore  Dressing,  and  Coal 
Washing  are  entirely  new. 
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The  sections  on  Prospecting,  Ventilation,  and  Methods  of 
Working  have  been  entirely  rewritten,  enlaiged^  and  greatly 
improved. 

The  tables  of  Logarithms,  Trigonometric  Functions,  etc.  have 
been  reset  from  the  latest  corrected  editions  of  standard  tables. 
The  Traverse  Table  has  been  greatly  reduced  in  length,  but 
without  affecting  its  efficiency,  while  the  table  of  Squares, 
Cubes,  etc.  has  been  added  to  by  the  addition  of  Circumfer- 
ences and  Areas  of  Circles. 

The  Glossary,  which  contains  about  2,500  words,  is  believed 
to  be  the  most  complete  mining  glossary  ever  published,  as  it 
is  a  combination  of  all  the  mining  glossaries  extant  of  which 
the  compilers  could  hear. 

Wherever  possible,  credit  has  been  given  the  authorities 
from  whom  data  have  been  taken,  but  in  such  a  work  it  is  mani- 
festly impossible  to  give  full  credit  for  everything  that  has 
been  extracted,  quoted,  and  compiled,  and  we  can  only  in  this 
very  general  way  acknowledge  our  indebtedness  to  the  large 
number  of  authors  and  engineers  whom  we  have  failed  to 
mention  by  name  in  the  text. 

No  one  appreciates  as  fully  as  does  the  editor  of  such  a  pub- 
lication the  value  of  the  suggestions  and  data  that  have  been 
so  generously  furnished  to  assist  us  in  the  compilation.  We 
shsdl  be  greatly  obliged  to  all  readers  of  this  volume  who  may 
call  our  attention  to  any  errors  that  they  may  discover,  or  to 
the  omission  of  any  data  that  they  may  feel  the  lack  of,  so 
that  attention  may  be  given  to  these  matters  in  future  editions. 
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POCKETBOOK. 


WEIGHTS    AND    MEASURES. 


THB    METRIO  SYSTEM. 

Since  the  metric  system  is  the  adopted  system  in  many  countries,  and  as 
it  is  almost  universally  used  in  connection  with  scientific  work,  a  brief 
description  of  it  is  here  given  as  preliminary  to  the  following  tables  of  weights 
and  measures. 

The  metric  system  has  three  principal  units: 

1.  The  meter t  or  unit  of  length,  supposed  to  be  the  one  ten-millionth  part 
of  the  distance  from  the  equator  to  the  pole  on  the  meridian  of  longitude 
passing  through  the  city  of  Paris,  ^ts  actual  value  is  39.370432  in.,  the  stand- 
ard authorizea  by  the  united  States  Government  being  39.37  in.    According 

to  this  standard,  1  yd.  =  ~-^^  meter. 

o,9u7 

2.  I7te  gram,  or  unit  oftueigM,  is  the  weight  of  a  cubic  centimeter  of  dis- 
tilled water  at  4P  centigrade  and  776  millimeters  of  atmospheric  measure. 
The  kilogram  (Kg.)  =  1,000  srams  =  2.2046  lb.,  is  the  ordinair  unit  of  weight 
corresponding  to  tne  Englisn  pound.  According  to  the  United  States  Gov- 
ernment regulations,  1  lb.  avoirdupois  =»  ^^.^  kilogram. 

Z.MW 

8.  The  Hter,  or  unit  of  liquid  volume,  is  the  volume  of  1,000  cubic  centi- 
meters of  distilled  water  at  4^  centigrade  and  776  millimeters  pressure. 

Multiples  of  these  units  are  obtained  by  prefixing  to  the  names  of  the 
printed  units  the  Greek  words  deka  (10),  hekto  {l(Xi)Jnlo  (1,000).  The  sub- 
multiples  or  divisions  are  obtained  by  prefixing  the  Latin  words  ded  ('f^), 
centi  Ct^)>  cind  mUH  (ttAtt)-  The  abbreviations  of  these  several  units  as  given 
in  the  following  tables  are  those  commonly  used.  The  kilogram-meter  Is  the 
work  done  in  raising  1  kg.  through  a  height  of  1  m.,  and  equals  7.233  ft.-lb. 
One  metric  horsepower  (firce  de  chevcU  or  cnevai  vapeur)  equals  .98633  English 
horsepower.  

TROY  WEIGHT. 

24  grains  =  1  pennyweight. 

20  pennyweights  =  1  ounce  »  480    grains. 

12  ounces  =  1  pound  =  6,760  grains  =  240  i)ennyweight8. 

In  troy,  apothecaries',  and  avoirdupois  weights,  the  grains  are  the  same. 


APOTHECARIES'   WEIGHT. 

20  grains     «  1  scruple. 

8  scruples  »  1  dram      =      60  grains. 

8  drams     =»  1  ounce     =     480  grains  »=    24  scruples. 
12  ounces    >«  1  pound    =  5,760  grains  =  288  scruples  =>=  96  drams. 


WEIGHTS  AND  MEASURES, 


AVOIRDUPOIS  WCIQHT. 


Idram. 

1  ounce 

1  pound 

1  quarter 

1  hundredweight 


27.84375  grains 
16  drains 
16  ounces 
28  pounds 
4  quarters 

20  hundredweight  =>  1  ton 

1  stone 
1    1  qidntal 
.      I*' short  ton" 
1" long  ton" 
1  ounce  troy  or  apothecaries'  =>  1.09714 
1  pound  troy  or  apothecaries'  —    .82286 
1  ounce  avoirdupois  »    .911458 

1  pound  avoirdupois  «  1.21528 


—  437i  grains. 

—  7,000  grains  »  256  drams. 
»    448  ounces. 

a     112  pounds. 

~  2,240  pounds. 

»      14  pounds. 

B     100  pounds. 

=»  2,000  pounds. 

»  2,240  pounds. 

avoirdupois  ounces. 

avoirdupois  pound. 

troy  or  apothecaries'  ounce. 

troy  or  apothecaries'  pounds. 


10  milligrams  (mg.) 
10  centigrams 
10  decigrams 
lO&rams 
10  decagrams 
10  hectograms 
10  kHoyrams 
10  myiiagrams 
10  quintals 


MBTRIO  WCIQHT. 

1  centigram  (eg.) 
1  decigram  (dg.) 
1  mm  (g.) 
1  decagram  (I^.) 

1  myriagram  (Mg.) 
1  quintal  (Q.) 
1  tonneau,  milli< 


er,  or  tonne 


.15432  grain. 
1.5432    grains. 
15.432      grains. 
.0220461b.  avoir. 
.22046  lb.  avoir. 
2.2046    lb.  avoir. 
22.046      lb.  avoir. 
220.46       lb.  avoir. 
2,204  lb.  avoir. 


MEASURES  OF  LENGTH. 


AMERICAN  AND  BRITISH. 


12  inches 

3  feet 

6  feet 
66  feet 
10  chains 

8  furlongs 


Ifoot. 
Ivard 
Intthom 
1  chain* 
1  Airlong 
imile 


86  in. 
2  yd. 
11  foth. 
110  fath. 
80  chains 
A  nautical  mile,  or  knot  = 

A  league  =  3  nautical  miles. 

•  The  ehain  ofM  ft.  ia  pnutieallj  obsolete.    Ohaiiii  <rfSO  or  100  ft.  are  now  used  exeliulTelj  bf 
Ajnerloan  sanreyon. 


72  in. 

22  yd.  =  792in. 
220  yd.  =-  660  ft. 
880  foth.  »  1,760  yd.  : 

1.15136  statute  miles. 


7,620  in. 
5,280  ft.  » 
[63,360  in. 


To  Redaoo  Inches  to  Declmsis  of  §  Foot— -Divide  the  number  of  inches  by 
12.  Thus,  7  in.  =  7  -{- 12,  or  .58333  ft.  To  reduce  fractions  of  inches  to  deci- 
mals of  a  foot,  divide  the  fhiction  by  12,  and  then  divide  the  numerator  of 
the  quotient  by  the  denominator.    Thus,  fin.=  f-4-12  =  A.    A=3  .0313  ft. 

The  annexed  scale  shows  on  one  side,  proportionately  reauced,  a  scale  of 
tenths.  On  the  other,  a  scale  of  twelfthsi  corresponding  to  inches.  To 
reduce  inches  to  decimal  parts  of  a  foot,  find  the  numb^  of  inches  and 
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fractional  parts  thereof  on  the  side  marked  "inches."  Opposite,  on  the 
scale  of  tenths,  will  be  found  the  decimal  part  of  a  foot.  Thus,  if  we  want 
to  find  the  decimal  part  of  a  foot  represented  by  7k  inches,  we  find  the  mark 
corresponding  to  7t  inches  on  the  side  marked  "inches."  Opposite  this 
mark  we  read  6  tenths,  2  hundredths,  and  5  thousandths;  or,  expressed 
decimally,  .625. 


^ 


MEA8X7BE8  OF  LENGTH. 


8 


DKOIMALS  OP  A  FOOT  FOR  BAOH  1-32  OF  AN  INOH. 


Inch. 


0" 

1 
1" 

2" 

3" 

4" 

5" 

6" 

7" 

8" 

9" 

10" 

0 

.0833 

.1667 

.2500 

.8383 

.4167 

.6000 

.6833 

.6667 

.7600 

.8383 

.0026 

.0859 

.1693 

.2526 

.3359 

.4193 

.6026 

.6869 

.6693 

.7626 

.8369 

.0052 

.0886 

.1719 

.2552 

.3386 

.4219 

.6062 

.6885 

,6719 
,6745 

.7652 

.8386 

.0078 

.0911 

.1745 

.2578 

.3411 

,4245 

.6078 

.6911 

.7678 

.8411 

.0104 

.0937 

.1771 

.2604 

.3437 

.4271 

.6104 

.6937 

.6771 

.7604 

.8437 

.0130 

.0964 

.1797 

.2630 

.3464 

.4297 

.6130 

.5964 

.6797 

.7630 

.8464 

.0166 

.0990 

.1823 

.2656 

.3490 

.4323 

.5156 

.5990 

.6823 

.7666 

.8490 

.0182 

.1016 

.1849 

.2682 

.3516 

.4349 

.6182 

.6016 

.6849 

.7682 

.8516 

.0208 

.1042 

.1875 

.2708 

.3542 

.4375 

.6208 

.6042 

.6875 

.7708 

.8542 

.0234 

.1068 

.1901 

.2734 

.3568 

.4401 

.6234 

.6068 

.6901 

.7734 

.«668 

.0260 

.1094 

.1927 

.2760 

.8594 

.4427 

.6260 

.6094 

.6927 

.7760 

.8594 

.0286 

.1120 

.1953 

.2786 

.3620 

.4463 

.5286 

.6120 

.6953 

.7786 

.8620 

.0312 

.1146 

.1979 

.2812 

.3646 

.4479 

.5312 

.6146 

.6979 

.7812 

.8646 

.0339 

.1172 

.2005 

.2839 

.3672 

.4605 

.6339 

.6172 

.7005 

.7839 

.8672 

.0365 

.1198 

.2031 

.2865 

.3698 

.4531 

.6365 

.6198 

.7031 

.7866 

.8698 

.0391 

.1224 

.2057 

.2891 

.3724 

.4657 

.5391 

.6224 

.7067 

.7891 

.8724 

.0417 

.1250 

.2088 

.2917 

.8750 

.4683 

.5417 

.6250 

.7083 

.7917 

.8750 

.0443 

.1276 

.2109 

.2943 

.3776 

.4609 

.6443 

.6276 

.7109 

.7943 

.8776 

.0469 

.1802 

.2135 

.2969 

.3802 

.4635 

.6469 

.6302 

.7136 

.7969 

.8802 

.0495 

.1328 

.2161 

.2995 

.3828 

.4661 

.6495 

.6328 

.7161 

.7995 

.8828 

.0521 

.1354 

.2188 

.3021 

.3854 

.4688 

.5621 

.6354 

.7188 

.8021 

.8854 

.0547 

.1380 

.2214 

.3047 

.3880 

.4714 

.6547 

.6380 

.7214 

.8047 

.8880 

;0573 

.1406 

.2240 

.3073 

.3906 

.4740 

.6573 

.6406 

.7240 

.8073 

.8906 

.0599 

.1432 

.2266 

.3099 

.3932 

.4766 

.6599 

.6432 

.7266 

.8099 

.8932 

.0625 

.1458 

.2292 

.3125 

.8958 

.4792 

.6625 

.6458 

.7292 

.8125 

.8958 

.0651 

.1484 

.2318 

.3151 

.3984 

.4818 

.6661 

.6484 

.7318 

.8161 

.8984 

.0677 

.1510 

.2344 

.3177 

.4010 

.4844 

.6677 

.6610 

.7344 

.8177 

.9010 

.0703 

.1536 

.2370 

.8203 

.4036 

.4870 

.6703 

.6636 

.7370 

.8203 

.9036 

.0729 

.1562 

.2396 

.3229 

.4062 

.4896 

.6729 

.6662 

.7396 

.8229 

.9062 

.0765 

.1589 

.2422 

.3255 

.4089 

.4922 

.5756 

.6689 

.7422 

.8265 

.9089 

.0781 

.1615 

.2448 

.3281 

.4115 

.4948 

.5781 

.6616 

.7448 

.8281 

.9115 

.0807 

.1641 

.2474 

.3307 

.4141 

.4974 

.5807 

.6641 

.7474 

.8307 

.9141 

u 


ff 


.9167 
.9193 
.9219 
.9246 
.9271 
.9297 
.9323 
.9349 
.9375 
.9401 
.9427 
.9463 
.9479 
.9605 
.9531 
.9667 
.9683 
.9609 
.9635 
.9661 
.9688 
.9714 
.9740 
.9766 
.9792 
.9818 
.9844 
.9870 
.9896 
.9922 
.9948 
.9974 


10  millimeters  (nmi. 
10  centimeters 
10  decimeters 
10  meters 
10  decameters 
10  hectometers 
10  kilometers 


) 


MCTRIO  SYSTEM. 

=  1  centimeter  (cm.) 
=  1  decimeter  (dm.) 
a  1  meter  (m.) 
a  1  decameter  (Dm.) 
=  1  hectometer  (Hm.) 
=  1  kilometer  (Km.) 
=  1  myriameter(Mm.) 


.393707^  inch. 
3.937079  inches. 
3.2808992  feet. 
10.9363      yards. 
109.363        yards. 
.6218824  mile. 
6.213824  miles. 


RUSSIAN. 

12  inches    =»  1  foot    =  1  American  foot. 
7  feet         =  1  sachine,  or  sagene. 
500  sachine  =  1  verst  =  3,500  feet. 


PRUSSIAN,   DANISH,  AND    NORWEGIAN. 

12  inches  =»  1  foot  =*    1.02972  American  feet. 

12  feet      =  1  ruth  =  12.36664  American  feet. 

2,000  ruths    »  1  mile  «   4.68+  American  miles. 


12  inches 
6  feet 
4.000  klafters 


AUSTRIAN. 

1  foot  =  1.03713  American  feet. 

1  klafter. 

1  mile  »  4.71+   American  miles. 


WSIQBTS  Ays  MEASUBMa. 


n  Inches     =  1  fbot  '    .Vim 
6  feat         =  1  athom. 
6,<X0  fothonu  ^  1  mile  ^  e.6*+ 


1.054  American  f««t. 
1  cbaDK  =  10^  American  teet. 
1  11         ^  1,897       Americui  feet. 


MEASURES   OF  AREA. 


AMERICAN   AND    ■RITISH. 

144  Bq.  Inches  —  1  aquore  foot. 
9»q.feec       =  IBquareyttrd  =  l,29«Bq.lii. 
30i  Etq,  yanlB  =  1  perch  =    2T21  sq.  It 

MperchBH      =  1  rood  =  1,210  »q.  yd.   —  10,990  Bq.  ft. 

1  roods  =  1  Bcre  =     160perchee=  4,840  Bij.  yd.  = 

040  acres  =  1  square  mile. 


RKDUOINO    SaUAIIE    FBH  TO 

AOHtS. 

wr 

Aores. 

■ST 

Acres. 

■SSf 

a™. 

XT 

Acres. 

100,000,000 

woooooo 

900,000 

20,«61 

9000 

.207 

M 

80,000,000 

8.365 

8 

70,000.000 

7oo!ooo 

7 

000 

!oais 

fio.ooo.ooa 

600.000 

6 

000 

!l38 

.0014 

60.000,000 

i. i 

600,000 

i:478 

( 

)00 

.US 

ao 

40,000.000 

•  918.274 

400.000 

.092 

688.706 

300,000 

DOO 

.069 

!0007 

2o!ooo[uoa 

200.000 

: 

000 

,046 

20 

.0005 

10,000,000 

229^568 

100.000 

2.296 

000 

.028 

10 

9.000.000 

xeM2 

90000 

2.066 

900 

.021 

9 

.00021 

8,000,000 

80;000 

SOO 

,018 

8 

7.009,000 

160,6»8 

70.000 

700 

7 

1S7.7U 

600 

iooou 

4,ooo;ooo 

9i:827 

40;000 

:m8 

400 

^009 

,00009 

8.0OO.O0O 

68,870 

80.000 

.689 

300 

.007 

8 

.00007 

.159 

200 

.005 

.00006 

ilooolooo 

22.867 

loiooo 

.230 

lOO 

^ 

.00002 

1  Bqoare  mllUmeter  (sq.  mm.) 
1  Kjoare  ceotlmeler  (sq.  cm. ) 
I  square  decimeter  (sq.  dm.) 
1  square  meter,  or  i — ■ —  '— 
1  square  decamelei 
1  hectare  lbs.) 
I  square  Idiom eter  (sq.  Km.) 
1  squaie  mi'ilametei  (sq.  Hm.) 


(m.'or8q,in.)-    ] 
ileq.Dm.)  = 


MEASURES  OF  VOLUME. 


MEASURES   OF  VOLUME. 


AMCRIOAN   AND    BRITISH. 

1,728  cubic  inches  =  1  cubic  foot.  , 

27  cubic  feet      =  1  cubic  yard. 
A  cord  of  wood  =»  128  cu.  ft.,  or  a  pile  of  wood  8  ft.  long,  4  ft.  wide,  and 
4  ft.  hiffh  =  1  cord.    A  perch  or  masonry  contains  24|  cu.  ft.;  but  in  practice 
it  is  taken  as  25  cu.  ft. 

A  ton  (2,240  lb.)  of  Pennsylvania  anthracite,  when  broken  for  domestic 
use,  occupies  about  42  cu.  ft.  of  space;  bituminous  coal,  about  46  cu.  ft.;  and 
coke,  about  88  cu.  ft.  A  bushel  of  Qoal  is  80  lb.  in  Kentucky,  Illinois,  and 
Missouri,  76  lb.  in  Pennsylvania,  70  lb.  in  Indiana,  and  76  lb.  in  Montana. 


METRIC  SYSTEM. 

1  milliliter,  or  cu.  centimeter  (cc.  or  cm.^) 

1  centiliter  (cl.) 

1  deciliter  (dl.  or  dl.«) 

1  liter,  or  cu.  decimeter  {\.) 

1  decaliter,  or  centistere  (Dl.  or  dal.) 

1  hectoliter,  or  decistere  (HI.) 

1  kiloliter,  or  cu.  meter,  or  stere  (Kl.  or  cm.') 

1  myrialiter,  or  decastere  (Ml.) 


.0610254  cu.  in. 
.610254   cu.in. 


6.10254 
61.0254 
.353156 
3.53156 
35.3156 
353.156 


cu.  in. 
cu.  in. 
cu.  ft. 
cu.ft. 
cu.  ft. 
cu.  ft. 


LIQUID    MEASURE    (U.  S.). 


16  liquid  oz. 
8  gills 


32  gUls  =  8  pints  =  231 
7,276*  cu.  in.  =  4.21 


4  gills  =  1  pint 

2   pints  s  1  quart 

4  quarts         =  1  gallon 
31i  gallons       =>  1  barrel 
63  gallons       =  1  hogshead. 
2  hogsheads  =  1  pipe. 
2  pipes  =  1  tun. 

A  box  19f  in.  on  each  side  contains  1  barrel. 
1  cu.  ft.  =  7.48  gallons. 


=    28.876  cu.  in. 
=    57.75   cu.  in. 


cu.  in. 
cu.  ft. 


2  pints 
4  quarts 
2  gallons 
4  pecks 


1  quart 
1  gallon 
1  peck 
1  bushel 


DRY  MEASURE   (u.  8.). 

67.2006  cu.  in.  —  1.16365  liquid  qt. 
268.8025  cu.  in.  =  1.16365  liquid  gal. 
8  quarts         =  537.6050  cu.  in. 
64  pints  =  32  quarts  =  8  gal.  =  2,150.42  cu.  in. 


AND    DRY. 


BRITISH 

IMPERIAL 

4  gills      = 
2  pints    = 
4  quarts  = 
8  quarts  = 
4  pecks  a 

MEASURE, 

1  pint      = 
1  quart    = 
1  gallon  = 
1  peck     = 
1  bushel  = 

BOTH    LIQUID 

34.6592  CU.  in. 

69.3185  cu.  in. 

277.274   cu.in. 

554.548  cu.in. 

2,218.192   cu.in. 

The  standard  tJ.  S.  bushel  is  the  Winchester  bushel,  which  is  in  cylinder 
form,  V&k  inches  diameter  and  8  inches  deep,  and  contains  2,150.42  cubic 
inches. 

The  British  Imi>erial  bushel  is  based  on  the  Imperial  gallon  and  con- 
tains 8  such  gallons,  or  2,218.192  cubic  inches  =  1.2837  cubic  feet. 

Capacity  of  a  cylinder  in  U.  S.  gallons  =  square  of  diameter  in  inches 
X  height  in  inches  X  .0034  (accurate  within  1  part  in  100,000). 

Capacity  of  a  cylinder  in  U.  S.  bushels  =  square  of  diameter  in  inches 
X  height  in  inches  X  .0008652. 


WEIGHTS  AND  MEASURES, 


CONTBNTS  OP  CYLINDBR8  OR  PIPCS  FOR  1  FOOT  IN   LBNQTH. 

The  contents  of  pipes  or  cylinders  in  gallons  or  ponnds  are  to  each  other 
as  the  squares  of  their  diameters.  Thus,  a  pipe  9  ft.  in  diameter  will  contain 
0  times  as  much  as  a  8'  pipe,  or  4  times  as  much  as  a  4^^  pipe. 

DiAMBTEBS  IN  INCHES. 


DiAm. 

DUuneter 

Gallon*  of 
281  Co.  In. 

Weight  of 
Water  in  Lb. 

Diam. 

Diameter 

Oalloni  of 
Ml  Co.  In. 

Weight  of 
Water  in  Lb. 

in 
Inches. 

in  Deoimals 
of  a  Foot. 

(U.  S.  SUad- 
•rd.) 

in  1  Ft.  of 
Length. 

in 
Inehee. 

in  Deoimala 
of  a  Foot. 

(U.  S.  Stand- 
ard.) 

in  1  Ft.  of 
Length. 

i 

.0208 

.0025 

.021-22 

5 

.4167 

1.020 

8.488 

k 

.0417 

.0102 

.06488 

H 

.4583 

1.234 

10.270 

1 

.0625 

.0230 

.19098 

6 

.5000 

1.469 

12.228 

1 

.0833 

.0408 

.88952 

6k 

.5417 

1.724 

14.345 

u 

.1012 

.0638 

.58050 

7 

.5888 

1.999 

16.686 

u 

.1250 

.0918 

.76892 

7* 

.6250 

2.295 

19.098 

11 

.1458 

.1249 

1.0398 

8 

.6667 

2.611 

21.729 

2 

.1667 

.1632 

1.3581 

81 

.7088 

2.948 

24.590 

2i 

.1875 

.2066 

1.7188 

9 

.7500 

3.305 

27.501 

2i 

.2083 

.2550 

2.1220 

H 

.7917 

3.682 

30.641 

21 

.2292 

.3085 

2.5676 

10 

.8383 

4.080 

83.952 

8 

.2500 

.3672 

3.0557 

lot 

.8750 

4.498 

37.482 

8i 

.2917 

.4998 

4.1591 

11 

.9167 

4.937 

41.082 

4 

.3333 

.6528 

6.4323 

lU 

.9588 

5.396 

44.901 

4* 

.3750 

.8263 

6.8750 

12 

1.0000 

5.875 

48.891 

DiAMBTEBS  IN  FEET. 


li 

1.25 

9.18 

76.392 

10 

10.00 

587.6 

4,889.12 

n 

1.50 

13.-22 

110.00 

10* 

10.50 

647.7 

5,404.24 

11 

1.75 

17.99 

149.73 

11 

11.00 

710.9 

5,915.84 

2 

2.00 

23.50 

195.56 

lU 

11.50 

777.0 

6,485.72 

2i 

2.25 

29.74 

247.51 

12 



846.1 

7,040.00 

2k 

2.50 

36.72 

305.57 

13 

992.8 

8,710.00 

2* 

2.75 

44.43 

369.74 

14 

1,152.0 

10,096.00 

3 

8.00 

52.88 

440.00 

15 

1,322.0 

11,000.50 

31 

3.25 

65.28 

544.37 

16 

1,504.0 

12,516.00 

3t 

3.50 

71.97 

631.00 

17 

1,698.0 

14,166.00 

31 

3.75 

82.62 

687.53 

18 

1,904.0 

15,841.00 

4 

4.00 

94.0 

782.24 

19 

2,121.0 

17,691.00 

4i 

4.25 

106.1 

885.40 

20 

2,360.0 

19,556.50 

4i 

4.50 

119.0 

990.04 

21 

2,591.0 

21,617.00 

4* 

4.75 

132.5 

1,105.71 

•22 

2,844.0 

23,663.00 

5 

5.00 

146.9 

1,222.28 

23 

3,108.0 

25,943.00 

6i 

5.25 

161.9 

1,351.06 

24 

3,384.0 

28,160.00 

bk 

5.50 

177.7 

1,478.96 

25 

■•■■■•• 

3,672.0 

30,557.00 

5* 

5.75 

194.3 

1,621.43 

26 

3,971.0 

34,840.00 

6 

6.00 

211.5 

1,760.00 

27 

4,283.0 

85,641.00 

6f 

6.25 

229.5 

1,915.18 

28 

4,606.0 

40,384.00 

'6* 

6.50 

248.2 

2,177.48 

29 

4,941.0 

41,117.00 

61 

6.75 

267.7 

2,233.96 

30 

5,288.0 

44,002.00 

7 

7.00 

287.9 

2,524.00 

31 

5,646.0 

46,984.00 

7* 

7.50 

330.5 

2,750.12 

32 

6,017.0 

50,064.00 

8 

8.00 

376.0 

3,128.96 

33 

6,398.0 

53,242.00 

8i 

8.50 

4-24.5 

8,541.60 

34 

6.792.0 

56,664.00 

9 

9.00 

475.9 

3,960.16 

85 

7,197.0 

59,891.50 

9t 

9.50 

530.2 

4,422.84 

36 

• • 

7,614.0 

63,364.00 

WEIGHTS  AND  MEASURES, 


MKXIOAN,  OCNTRAL  AMCRIOAN,  AND  SOUTH   AMCRIOAN 

WEIGHTS  AND    MBASURCS. 

The  following  table  crives  weights  and  measures  in  oommeicial  use  in  Mex* 
ioo  and  the  republics  of  Central  and  South  America,  and  their  eguiyalents 
in  the  United  States.    Published  by  the  Bureau  of  the  American  Sepublics. 


Denomination. 


Arobe 

Arrobafdry] 
Arroba  (dry 
Arroba  (dry 
Arroba  (dry, 
Arroba  (liquid) 

Barril 

Carga 

Centayo 

Cuadra  

Cuadra  

Cuadra  (square).^ 

Cuadra    

Fanega  (dry] 
ITanega  (d^ 
Fanega  (d^ 
Fanega  (dry 
Fanega  (dry 
Fanega  (dry 
Fanega  (dry] 

Frasco 

Frasco 

League  (land). 

libra 

libra  

libra  

libra 

libra 

libra 

libra  

libra  

livre  

Manzana  

Marc 

Pie  

Quintal 

Quintal 

Quintal 

Qidntal 

Vara 

Vara 

Vara 

Vara 

Vara 

Vara 

Vara 


Where  Used. 


Paraguay 

Argentine  Republic  

Brazil 

Cuba 

Venezuela  

Cuba  and  Venezuela 

Argentine  Republic  and  Mexico 

Mexico  and  Salvador  

Central  America 

Argentine  Republic 

Paraguay 

Paraguay 

Uruguay  

Central  America 

Chile 

Cuba 

Mexico 

Uruguay  (double) 

Uruguay  (single) 

Venezuela 

Argentine  Republic  

Mexico 

Paraguay 

Argentine  Republic  

Central  America 

Chile..... 

Cuba 

Mexico 

Peru  

Uruguay  

Venezuela  

Guiana 

Ck)sta  Rica 

Bolivia 

Argentine  Republic  

Argentine  Republic  

Brazil    

Chile,  Mexico,  and  Peru 

Paraguay. -— 

Argentine  Republic 

Central  America 

Chile  and  Peru 

Cuba 

Mexico 

Paraguay 

Venezuela ^. 


U.  8.  Equivalents. 


25  pounds. 
25.3175  pounds. 
82.88j)Ounds. 
25.3664  pounds. 
25.4024  pounds. 
4.268  gallons. 
20.0787  gallons. 
300  pounds. 
4.2631  gaUons. 
4.2  acres. 
78.9  yards. 
8.077  square  feet. 
2  acres  (nearly). 
1.5745  bushels. 
2.575  bushels. 
1.509  bushels. 
1.54728  bushels. 
7.776  bushels. 
3.888  bushels. 
1.599  bushels. 
2.6096  quarts. 
2.5  quarts. 
4,633  acres. 
1.0127  pounds. 
1.043  pounds. 
1.014  pounds. 
1.0161  pounds. 
1.01465  pounds. 
1.0143  pounds. 
1.0143  pounds. 
1.0161  pounds. 
1.0791  pounds. 
If  acres. 
.507  pound. 
.9478  foot. 
101.42  pounds. 
130.06  pounds. 
101.61  pounds. 
100  pounds. 
34.1208  inches. 
38.874  inches. 
33.367  inches. 
33.384  inches. 

33  inches. 

34  inches. 
33.384  inches. 


CONVERSION  TABLES. 

( United  States  Coast  and  Geodetic  Survey.) 

The  method  of  using  the  following  tables  for  converting  United  States 
weights  and  measures  into  metric  weights  and  measures  will  be  understood 
by  the  following  example: 

Find  the  number  of  kilometers  in  125  miles. 

From  column  "  Miles  to  Kilometers,"  1  mile  =  1.60935  kilometers,  or  100 
miles  =  160.935  kilometers;  2  miles  =  3.21869  kilometers,  or  20  miles  =  32.1869 
kilometers;  and  5  miles  =  8.04674  kilometers.  Hence,  125  miles  =  160.935  + 
82.1860  +  8.04674  »  201.16864  kilometers. 
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WEIGHTS  AND  MEASURES, 


CUSTOMARY  TO  METRIC. 


Linear. 


5| 


25.4 
50.8 
76.2 
101.6 
127.0 
152.4 
177.8 
203.2 
228.6 


I 


0.304801 
0.609601 
0.914402 
1.219202 
1.524003 
1.828804 
2.133604 
2.438405 
2.743205 


0.914402 
1.828804 
2.743205 
3.657607 
4.572009 
5.486411 
6.400813 
7.315215 
8.229616 


a 


Capacity. 


1.60935 

3.21869 

4.82804 

6.43739 

8.04674 

9.65608 

11.26543 

12.87478 

14.48412 


•>4  '~'    m      *^ 

7^  Vj 


3.70 
7.39 
11.09 
14.79 
18.48 
22.18 
25.88 
29.57 
33.27 


2B 

SSI 


29.57 
59.15 
88.72 
118.29 
147.87 
177.44 
207.02 
236.59 
266.16 


0.94636 
1.89272 
2.83908 
3.78543 
4.73179 
6.67815 
6.62451 
7.57087 
8.51723 


3.78543 
7.57087 
11.35630 
15.14174 
18.92717 
22.71261 
26.49804 
30.28348 
34.06891 


Square. 


CO 

«    OQ 


6.452 
12.903 
19.355 
25.807 
32.258 
38.710 
45.161 
51.613 
58.065 


9.290 
18.581 
27.871 
37.161 
46.452 
55.742 
65.032 
74.323 
83.613 


OQ 


0.836 
1.672 
2.508 
3.344 
4.181 
5.017 
5.853 
6.689 
7.525 


S3 


0.4047 
0.8094 
1.2141 
1.6187 
2.0234 
2.4281 
2.8328 
3.2375 
3.6422 


Weight. 


2§ 


64.7989 
129.5978 
194.3968 
259.1957 
323.9946 
388.7935 
453.5924 
518.3914 
583.1903 


28.3495 
56.6991 
85.0486 
113.3981 
141.7476 
170.0972 
198.4467 
226.7962 
255.1457 


o 


<1 


£12 


0.45369 
0.90719 
1.36078 
1.81437 
2.26796 
2.72156 
3.17515 
3.62874 
4.08233 


U  CO 


31.10348 
62.20696 
93.31044 
124.41392 
155.51740 
186.62088 
217.72437 
248.82785 
279.93133 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Cubic. 


16.387 

32.774 

49.161 

65.549 

81.936 

98.323 

114.710 

131.097 

147.484 


So   • 


.02832 
.05663 
.08495 
.11327 
.14158 
.16990 
.19822 
.22654 
.25485 


00 

•53 


^11 

6 


0.765 
1.529 
2.294 
3.058 
3.823 
4.587 
6.352 
6.116 
6.881 


0.35239 
0.70479 
1.05718 
1.40957 
1.761% 
2.11436 
2.46675 
2.81914 
3.17154 


Miscellaneous. 


1  Gunter's  chain    =  20.1168  meters. 

1  sq.  sta,tute  mile  =  259.000  hectares. 

1  fathom                =  1.829  meters. 

1  nautical  mile      =  1,853.25  meters. 

1  ft.  =  .304801  meter  9.4840158  log. 

1  avoir,  pound        =  453.5924277  gram. 

15,432.35639  grains  =  1  kilogram. 


CONVERSION  TABLES. 
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^ 


The  method  of  usliig  the  following  tables  for  oonyertiiig  metric  weights 
and  measures  into  United  States  weights  and  measures  may  be  understood 
by  the  following  example: 

Find  the  number  of  yards  in  86  meters. 

From  column  *'  Meters  to  Yards,"  8  meters  =  8.748889  yards,  or  80  meters 
=  87.48889  yards;  and  6  meters  <=  6.661667  yards.  Hence,  86  meters  = 
87.48889  +  6.561667  =  94.050&57  yards. 

MCTRIC  TO   OU8TOMARY. 


Linear. 


Capacity. 


1 

2 
3 
4 
5 
6 
7 
8 
9 


5«- 

SCO 


89.37 
78.74 
118.11 
157.48 
196.85 
236.22 
275.59 
314.96 
354.33 


3.28083 
6.56167 
9.84250 
13.12383 
16.40417 
19.68500 
22.96583 
26.24667 
29.52750 


1.093611 
2.187222 
3.280833 
4.374444 
5.468056 
6.561667 
7.655278 
8.748889 
9.842500 


1^ 


0.62137 
1.24274 
1.86411 
2.48548 
3.10685 
3.72822 
4.34959 
4.97096 
5.59233 


0.27 
0.54 
0.81 
1.08 
1.35 
1.62 
1.89 
2.16 
2.43 


P 


0.338 
0.676 
1.014 
1.353 
1.691 
2.029 
2.367 
2.705 
3.043 


1.0567 
2.1134 
3.1700 
4.2267 
5.2834 
6.3401 
7.3968 
8.4535 
9.5101 


Pi 


2.6417 
5.2834 
7.9251 
10.5668 
13.2085 
15.8502 
18.4919 
21.1336 
23.7753 


I  - 

^  I 


2.8377 
5.6755 
8.5132 
11.3510 
14.1887 
17.0265 
19.8642 
22.7019 
25.5397 


1 
2 
3 
4 
5 
6 
7 
8 
9 


1 
2 
% 

4 
5 
6 
7 
8 
9 


Square. 


S^-g 


S  0^  a 


0.155 
0.310 
0.465 
0.620 
0.775 
0.930 
1.085 
1.240 
1.395 


2^1 

H  aoPE4 

""SI 

s 


10.764 
21.528 
82.292 
43.055 
58,819 
64.583 
76.347 
86.111 
96.875 


ad 

S 


1.196 
2.892 
3.588 
4.784 
5.980 
7.176 
8.372 
9.568 
10.764 


2.471 

4.942 

7.413 

9.884 

12.355 

14.826 

17.297 

19.768 

22.239 


Weight. 


go 


.01543 
.03086 
.04630 
.06173 
.07716 
.09259 
.10803 
.12346 
.13889 


15,432.36 

30,864.71 

46,297.07 

61,729.43 

77,161.78 

92,594.14 

108,026.49 

123,468.85 

138,891.21 


3.5274 
7.0548 
10.5822 
14.1096 
17.6370 
21.1644 
24.6918 
28.2192 
31.7466 


2.20462 

4.40924 

6.61387 

8.81849 

11.02311 

13.22773 

15.43236 

17.63698 

19.84160 


Cubic. 


.0610 
.1220 
.1831 
.2441 
.8051 
.8661 
.4272 
.4882 
.6492 


61.023 
122.047 
183.070 
244.094 
806.117 
866.140 
427.164 
488.187 
549.210 


op 


36.314 
70.629 
105.943 
141.268 
176.572 
211.887 
247.201 
282.516 
317.830 


1.308 
2.616 
3.924 
5.232 
6.540 
7.848 
9.156 
10.464 
11.771 


Weight— ( Continued). 


3  1^ 


§ 


s.< 


220.46 

440.92 

661.39 

881.85 

1,102.31 

1,322.77 

1,543.24 

1,763.70 

1,984.16 


00  CO 

SO-S'2    • 

UP 


2,204.6 

4,409.2 

6,613.9 

8,818.5 

11,023.1 

13,227.7 

15,432.4 

17,637.0 

19.841.6 


32.1507 
64.3015 
96.4522 
128.6080 
160.7637 
192.9044 
225.0552 
257.2059 
289.3567 
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WEIGHTS  AND  MEASURES. 


MBTRIO  OONVCR8ION  TABLB. 

{Arranged  by  C.  W.  Hunt,  New  York,) 


MllUmeters  X  .03937  =  in. 

Millimeters  +  25.4  =  in. 

Centimeters  X  .3937  =  in. 

Centimeters  -i-  2.54  =  in. 

Meters  X  39.37  =  in.  (Act  Congreas). 

Meters  X  3.281  =  ft. 

Meters  X  1.094  =  yd. 

Kilometers  X  .621  =  miles. 

Kilometers  -i- 1.6093  =  miles. 

Kilometers  X  3,280.7  =  ft. 

Square  millimeters  X  .0155  =  sq.  in. 

Square  millimeters  -i-  645.1 »  sq.  in. 

Square  centimeters  X  .155  =  sq.  in. 

Square  centimeters  -4-  6.451  =  sq.  in. 

Square  meters  X  10.764  =  sq.  ft. 

Square  kilometers  X  247.1  =  acres. 

Hectare  X  2.471  —  acres. 

Cubic  centimeters  -i- 16.883  —  cu.  In. 

Cubic  centimeters  -i-  3.69  =  fluid 

drams  (U.  S.  P.). 
Cubic  centimeters  -i-  29.57  =  fluid  oz. 

(U.  S.  P.). 
Cubic  meters  X  35.315  =  cu.  ft. 
Cubic  meters  X  1308  =  cu.  yd. 
Cubic  meters  X  264.2  =  gal.  (231 

cu.  in.), 
liters  X  61.022  =  cu.  in.  (Act  Con- 

fifress). 
Liters  X  33.84  =  fluid  oz.  (U.  S.  Phar.). 
Liters  X  .2642  =  gal.  (231  cu.  in.). 
Liters  -i-  3.78  =  gal.  (231  cu.  in.). 
Liters  -i-  28.316  =  cu.  ft. 
Tonnes  X  1.102  =»  short  tons. 
Tonnes  X  .9839  —  long  tons. 


Hectoliters  X  8.631  —  cu.  ft. 

Hectoliters  X  2.84  »  bu.  (2,150.42 
cu.  in.). 

Hectoliters  X  .131  »=  cu.  yd. 

Hectoliters  +  26.42  =  gal.  (231 
cu.  in.). 

Grams  X  15.432  =  gr.  (Act  Con- 
gress). 

Grams  -4-  981 »  dynes. 

Grams  (water)  -t-  29.67  =  fluid  oz. 

Grams  -s-  28.35  =  oz.  avoir. 

Grams  per  cu,  cent.  -5-  27.7  =*  lb.  per 
cu.  in. 

Joule  X  .7373  =  ft.-lb. 

Kilograms  X  2.2046  =  lb. 

Kilograms  X  85.3  =  oz.  avoir. 

Kilograms  -h  1,102.8  =  ton  (2,000  lb.). 

Kilogr.  per  sq.  cent.  X  14.223  »  lb. 
ner  sq  in 

Kflogram-meters  X  7.283  =  ft.-lb. 

Kilo  per  meter  X  .672  *  lb.  per  ft. 

Kilo  per  cu.  meter  X  .026  =  lb.  per 
cu.  ft. 

Kilo  TCr  cheval  X  2.235  =  lb.  per 

Kilowatts  X  1.34  =  H.  P. 
Watts  H-  746  =  H.  P. 
Watts  -^  .7373  =  ft.-lb.  per  see. 
Calorie  X  3.968  =  B.  T.  U. 
Cheval  vapeur  X  .9863  =  H.  P. 
(Centigrade  X  18)  +  82  =  degree  P. 
Franc  X  .193  =  dollars. 
Gravity  Paris  »  980.94  centimeters 
per  sec. 


United  States  Currencjy. 


MONEY. 


British  Money. 


10  mills  = 
10  cents  = 
10  dimes  = 
10  dollars  = 


1  cent. 
1  dime. 
1  dollar. 
1  eagle. 


4  farthings 
12  pence 

20  shillings 

21  shillings 


1  penny. 

1  shilUng. 

1  pound  sterling. 

1  guinea. 


Standard  United  States  Coins. 


Gold. 

Silver. 

Denomination. 

Value. 

Weight. 

Denomination. 

Value. 

Weight 

♦Dollar 

Quarter  eafle 

*  Three-doUar  piece 

Half  eagle 

Eagle 

Double  eagle  

$1.00 

2.50 

3.00 

5.00 

10.00 

20.00 

25.8  gr. 

64.5  gr. 

77.4  gr. 
129.0  gr. 
258.0  gr. 
516.0  gr. 

*  Trade  dollar... 
Standard  silver 

dollar. 

Half  dollar 

Quarter  dollar... 
Dime  

<1.00 

1.00 
.50 
.25 
.10 

420.O    gr. 

412.6    gr. 
192.9    gr. 

96.46  gr. 

88.58  gr. 

Fineness"  expresses  the  proi>ortion  of  pure  metal  in  1,000  parts;  fhna. 
'  900  fine  "  means  that  900  of  every  1,000  parts  are  pure  metal.   Finenenof 


*  No  longer  coined. 


MONETARY  VALUES. 
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U.  S.  coins  =  900  pore  metal,  100  alloy;  allov  of  gold  coin  Is  oopper  or  copper 
and  silyer,  but  in  no  case  shall  sUver  exceed  ^  of  total  alloy.  Alloy  of  silyer 
coin  is  copper. 

Piece.  Weight  Contents. 

5-cent  (nickel) 77.16  grains 76j(  copper,  25j(  nickel. 

*8-cent  SO     grains 76j(  copper,  2^  nickel. 

*2-cent 66     grains .96j(  copper,  5i( tin  and  zinc. 

1-cent  (copper) 48     grains :96j(  copper,  S^t  tin  and  zinc. 

•No  lonfer  ooined. 

Space  Requibed  to  Store  U.  S.  Coins. 


Description. 

Amount. 

How  Put  Up. 

Space. 

Gold  coins 

11,000,000 
1,000,000 
1,000,000 

$5,000  in  8oz.  duck  bags 
1,000  in  8-oz.  duck  bags 
1,000  in  8-oz.  duck  bags 

Nearly  17  cu.  ft. 
250  cu.  ft. 
150  cu.  ft. 

Silver  dollars 

Subsidiary  silver 

A  bag  of  standard  silver  dollars  occupies  a  space  12  in.  x  9  in.  x  4  in. 

To  Convert  Value  of  U.  S.  Coins  Into  English  Values  and  Vice  Versa. 

fifth.— Cents  (U.S.)-i-  t.0t771,  or  X  MSlt  =  English  pence. 
Example.—   100  cents  X  .49312  =  49.312  pence  =  4s.  1.312d. 
Ru\:— English  pence  X  t.0t771  =  cents  {U.S.). 
Example.—    lOOd.  X  2.02771  =  202.771  cents  =  12.0277. 
-  ,  Dollars  ^    a   u 

Rule.—    -TE^TT  —  pounds  sterling. 
U.OOOO 

Example.—  j^^  =  £20.548.    £.548  X  240  =  131.5d.  =  10s.  11.5d. 

Rq\:— Pounds  x U.8665  =  dollars ( U.  5. ).  Shillings  X  tU.S9g-^  =  cents  ( 17.  S.). 

VALUES  OP  FOREIGN  COINS,  U.  S.  TREASURY  DEPT.,  JAN.  I,  1899. 


Argentine,    Argentine    Re- 

pubUc S  4.824 

Bolivar,  Venezuela 193 

Boliviano,  Bolivia 439 

Centen,  Cuba 6.017 

Colon,  Costa  Rica 465 

Condor,  Chile   7.300 

Condor,  U.  S.  of  Colombia  and 

Ecuador  ." 9.647 

Copeck,  Russia  0075 

Crown,  Austria-Hungary 203 

Crown,  Denmark,   Norway, 

and  Sweden  268 

Crown,  Germany 1.06 

Crown,  Great  Bntain 1.13 

Crown,  Sicily 96 

Crown,  Spain  (half  pistole)     1.96 

Dollar,  Bolivia 96 

t  Dollar.   British  Honduras, 

Britisn  Possessions,  N.  A. 

(except    Newfoundland), 

andliberia 1.000 

Dollar,    Chile,    Peru,    and 

Ecuador  93 

Dollar,  Mexican  (gold)   983 

Dollar,  Mexican  (silver) 477 

Dollar,  Newfoundland 1.014 

Dollar,  U.  S.  of  Colombia 935 


Doubloon,  Central  America  $14.50 

Doubloon,  Chile 3.650 

Doubloon,  New  Granada 15.34 

Doubloon,  Spain  and  Mexico    15.65 

Drachma,  Greece    193 

Ducat,    Austria,    Bohemia, 

Hamburg,  Hanover 2.28 

Ducat,  Denmark 1.11 

Ducat,  Sweden 2.20 

Escudo,  Chile 1.825 

Florin,  Austria-Hungary 1.929 

Florin,  Hanover  (gold)    1.66 

Florin,  Hanover  (silver) 56 

Florin,  Holland,  South  Ger- 
many        .38 

Florin,  Netherlands  402 

Florin,  Prussia 66 

Florin,  Silesia  48 

Franc,    Belgium,   Bulgaria, 
France,  Italy,  Roumanla, 

Switzerland  198 

Gourde,  Hayti  966 

Groschen,  Prussian  Poland       .024 

Guinea,  Great  Britain  5.11 

Gulden,  Baden 40 

Imperial.  Russia 7.92 

Kran.  Persia 081 

Kreuizer,  Bavaria 0067 


tThe  British  dollar  tau  ihe  same  legal  value  as  the  Mexican  dollar  in  Hongkong,  the  Straits 
SettleiBfMits,  and  Labnan. 
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WEIGHTS  AND  MEASURES, 


VALUES  OF  FOREIGN  00\H9.-^CkynH''Mked,) 


lira.  Italy %    .193 

Mark,  Finland 193 

Mark,  German  Empire 288 

Maximilian,  Bavaria 3.30 

Milreis,  Brazil  546 

Milreis,  Portugal 1.080 

Mohur,  India 7.105 

Napoleon,  France  8.84 

Peseta,  Spain 193 

Peso,  Argentine  Republic ...       .965 

Peso,  ChUe ^ 865 

Peso,  U.  8.  of  Colombia 439 

Peso,  Cuba 926 

Peso,  Guatemala,  Honduras, 

Nicaragua,  Salvador 365 

Peso,  Uruguay 1.034 

Piaster,  I«ypt 049 

Piaster,  Turkey. 044 

Piastre,  Spain  1.04 

Pistole,  Rome  3.37 

Pistole,  Spain 3.90 

Pound,  Egypt  4.943 

Pound  Sterling,  Great  Britain     4.8665 
Ruble,  Russia  515 


Rupee,  India. 

Shilling,  Great  Britain ... 

Sol,  Peru 

Sou,  France  

Sovereign,  Great  Britain 

Sucre,  Ecuador. 

'Amoy 


Tael,  China- 


Canton 

Chefoo 

Chin  Kiang l 

Fuehau 

Haikwan  (Cus- 
toms).  

Hankow 

Hongkong  

Niucnwang 

Ningpo 

Shanghai 

Swatow  

Takau  

ITientsIn  

Toman,  Persia 

Yen,  Japan 


.206 
.243 
.439 
.01 
4.8665 
.489 
.710 
.708 
.679 
.693 
.656 

.722' 
.664 

t 

.665 
.682 
JM& 
.655 
.714 
.^ 
8.409 
.498 


t  The  British  dollar  hu  the  same  legal  Talue  at  the  Mexican  dollar  in  Hongkong,  the  Straits 
Settlements,  and  Labuan. 

The  ctrst  (a  24th  part)  is  used  to  express  the  proportion  of  gold  in  an 
alloy;  thus,  gold  18  carats  fine* is  H  pure.  The  carat  is  also  a  unit  of  weight 
for  precious  stones.  Its  value  varies  according  to  different  authorities.  But 
the  international  carat  is  8.168  grains,  or  206  milligrams. 


Diamond  Weight  (Nystrom). 


Carats. 
1 


Qraint.  Parts.    ^^*' 

=  4  =  64  =  3.2    (3.168) 

.25         =1  =  16  =    .8 

.015625  =    .0625  =    1  =    .05 
.3125      =1.25      =  20  =  1 
151.5  =  1  ounce 


TIMBER    AND    BOARD    MEASURE. 


TIMBER    MEASURE. 

Volame  of.  Roand  Timber.— The  volume  in  cubic  feet  equals  the  length 
multiplied  bv  one-fourth  the  product  of  mean  girth  and  diameter,  all  dimen- 
sions Deing  in  feet.  If  length  is  ^ven  in  feet  and  girth  and  diameter  in 
inches,  divide  by  144;  if  all  dimensions  are  in  inches,  divide  by  1,728. 

Volume  of  Squtre  Timber.— When  all  dimensions  are  in  feet: 

Rale.— if«//tj)/y  the  breadth  by  the  depth  and  thaiproduct  by  the  lengthy  and  the 
product  wiU  give  the  volume  in  cubic  feet. 

When  either  of  the  dimensions  is  in  inches: 

Rule. — Multiply  as  above  and  divide  by  IS. 

When  any  two  of  the  dimensions  are  in  inches: 

Rn\9,— Multiply  as  before  and  divide  by  lUU. 


TIMBER  AND  BOARD  MEASURE. 
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Round  Timbkb.— Table  op  i  Oibths. 


i  Girths. 

Area  in 

iGirths. 
Inches. 

Area  in 

*  Girths. 

Area  in 

Inches. 

Feet. 

Feet. 

Inches. 

Feet. 

6 

.250 

m 

1.04 

19 

2.50 

6: 

.272 

12* 

1.08 

19* 

2.64 

6 

.294 

12* 

1.12 

20 

2.77 

e 

.317 

13 

1.17 

20* 

2.91 

7 

.340 

ISr 

1.21 

21 

3.06 

n 

.364 

13 
13 

1.26 

21* 

3.20 

7* 

.390 

1.31 

22 

3.36 

7* 

.417 

14 

1.36 

22* 

3.51 

8 

.444 

14* 

1.41 

23 

3.67 

8i 

;,       .472 

14* 

1.46 

23* 

3.83 

8^ 

^       .601 

14* 

1.61 

24 

4.00 

8* 

.531 

15 

1.56 

24* 

4.16 

9 

.562 

15* 

1.61 

25 

4.34 

9i 

.594 

15* 

1.66 

25* 

4.61 

n 

.626 

15* 

1.72 

26 

4.69 

.659 

16 

1.77 

26* 

4.87 

10 

.694 

16* 

1.83 

27 

6.06 

lOi 

.780 

16i 

1.89 

27* 

6.25 

10* 

.766 

16* 

1.94 

28 

6.44 

10} 

.803 

17 

2.00 

28* 

5.64 

11 

.840 

17* 

2.09 

29 

6.84 

lU 

.878 

17* 

2.12 

29* 

6.04 

lU 

.918 

17* 

2.18 

30 

6.26 

111 

.959 

18 

2.25 

12 

1.000 

18* 

2.37 

Area  corresponding  to  *  girth  (mean)  in  inches  multiplied  by  length 
in  feet  equal  solidity  in  feet  and  decimal  parts. 


BOARD    MEASURE. 

In  measuring  boards,  they  are  assumed  to  be  1  inch  in  thickness.  The 
number  of  feet,  board  measure  (B.  M.),  in  a  given  board  or  stick  of  timber, 
equals  the  length  in  feet  multiplied  by  the  breadth  in  feet  multiplied  by  the 
thickness  in  inches. 


Breadth. 

Area  of  a 

Breadth. 

Area  of  a 

Breadth. 

Area  of  a 

Inches. 

Lineal  Foot. 

Inches. 

liineal  Foot. 

Inches. 

Lineal  Foot. 

* 

.021 

4* 

.854 

8* 

.688 

* 

.042 

4* 

.375 

8* 

.708 

1 

.063 

4* 

.396 

8* 

.729 

1 

.083 

6 

.417 

9 

.750 

1* 

.104 

5* 

.438 

9* 

.771 

1* 

.125 

5* 

.468 

9* 

.792 

1* 

.146 

5* 

.479 

9* 

.813 

2 

.167 

6 

.600 

10 

.833 

2* 

.188 

6* 

.621 

10* 

.854 

2* 

.208 

6* 

.642 

10* 

.876 

2* 

.229 

6* 

.563 

101 

.896 

8 

250 

7 

.583 

11 

.917 

8* 

.271 

7* 

.604 

11* 

.938 

3* 

.292 

7* 

.625 

11* 

.968 

8* 

.818 

7* 

.646 

11* 

.979 

4 

.333 

8 

.667 

12 

1.000 

Area  of  a  lineal  foot  multiplied  by  length  in  feet  will  give  superficial  con- 
tents in  square  feet. 
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MATHEMATICS. 


MATHEMATICS. 


By  Edward  H.  Williams,  Jb.,  K  M. 
Prqfessor  qf  Mining  Engineering  and  Geology  at  the  Lehigh  VnivenUy, 


GENERAL   PRINCIPLES. 

Quantity  or  magnitude  is  anything  that  can  be  increased  or  decreased,  or 
that  is  capable  of  any  sort  of  measurement  or  caiculatioiL  such  as  numbers, 
lines,  space,  time,  motion,  weight,  force,  power,  heat,  light,  electricity,  etc. 
We  can  measure  a  quantity  by  applying  to  it  a  portion  of  the  same  quantity, 
called  a  unit.  If  the  quantities  are  of  diflferent  kinds,  we  cannot  measure 
them  by  one  another,  out  we  can  compare  them  or  institute  a  calculation 
between  them. 

MathenuUics  treats  of  all  kinds  of  quantity  that  can  be  numbered  or  meas- 
ured. Arithmetic  is  that  part  that  treats  of  numbering,  and  is  called  the 
science  of  numbers.  Geometry  is  the  science  of  measuring.  These  two  are 
the  foundation  of  all  other  parts  of  mathematics,  and  are  called  pur«  mathe- 
matics. We  can  also  reason  about  numbers  by  substituting  letters  for  num- 
bers, and  represent  their  relations  by  signs.  This  is  called  aigdyra,  and  it 
may  be  likened  to  a  shorthand  arithmetic.  An  extension  of  arithmetic  to 
geometry,  by  which  angles  and  triangles  are  subjected  to  num^cal  compu- 
tation, is  called  trigonometry,  and  plane  trigonometry  treats  of  methods  of 
computing  nlane  angles  and  triansles,  and  embraces  the  investigations  of  the  • 
relations  oi  angles  In  general,  which  is  called  angular  analysis.  Another 
extension  of  arithmetic  to  geometry,  by  which  lines,  areas,  and  volumes  are 
computed,  is  called  mensuraiion.  Mensuration  of  large  portions  of  the  earth's 
surface,  where  the  curvature  of  the  same  is  taken  into  calculation,  is  OEilled 
geodesy.  If  the  portions  are  smaller  and  curvature  is  neglected,  the  stdence 
IS  called  surveying,  and  mine  surveying  if  confined  to  underground  work. 


COMMONLY   USED    MATHEMATICAL  SIGNS   AND 


riONS. 


h 

means  plus,  or  addition. 

D" 

square  inches. 

means  minus,  or  subtraction. 

O 

round. 

X 

means  multiplication. 
meeLnaplus  or  minus. 

()[1 

•    |,    vinctda^  denoting  that 

^ 

means  minus  or  plus. 

V   •         *        * 

the  numbers  enclosed  are 

t- 

means  division. 
means  ratio. 

to  be  taken  together;  as, 

•  •     • 
•     •  •     • 

meAUs  proportion. 

(o  +  6)c  =  4  +  3X6«=86. 

2 :  3 : :  4 :  6  shows  that  IS  is  to  S 

o 

degrees,  arc  or  thermometer. 

as  U  is  to  6. 

/ 

minutes  or  feet. 

-3 

means  equaiity. 

ff 

seconds  or  inches. 

r 

means  equivalency. 
means  square  root. 
means  cube  root,  etc. 

4' 6" 
/  ff  fti 

30°  40'  4"  is  50  degrees  W 

minutes  U  seconds. 

is  Ufeet  6  inches. 

accents  to  distinguish  letterSt 

square  root  qf  S. 

as  a',  a",  a'". 

P 

cube  root  qf  6, 
7  squared. 

« 

3;^'' 

i(,  a„,  read  a  sub  1,  a  sub  b,  etc. 
a  squared,  a  cubed. 

8» 

8  cubed. 

«  e 

a\ 

=  iJ'o*,  at-i/a5. 

a 
b 

—  0/6,  a  -*-  6.    15  -I-  16  = 

15 

le- 

sin  a 
log 

=  the  sine  qf  a. 
=  logarithm. 

• 
•      • 

ther^ore. 

L 

angle. 

> 

arealerthan. 
less  than. 

\ 

.  right  angle. 

< 

perpendicular  to. 

D, 

square. 

sin 

sine. 

D' 

squarefeet. 

cos 

cosine. 

ARITHMETIC, 
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MATHBMATIOAL  8IQN8  AND  ABBREVIATIONS— (ClOfK^ttfti). 


tan,  or  tang,  tangefd. 


sec 

yersin 

cot 

cosec 

covers 


9 
H.  P. 


Kcant, 

versed  Hne. 

cotangent 

cosecant. 

coversed  sine, 

pi,  ratio  qf  circumference  qf 

cirde  to  diameter  3.14159. 

acceleration  due  to  gravity 

=  (32.16  ft.  per  sec.). 

radi'us. 

vfeight. 

horsffpowet. 


I.  H.  P.    indicated  horsepower, 
B.  H.  P.  brake  horsepower. 
A.  W.  O.  American  wire  gauge 

i Brown  &  Shaipe). 
Hrmingham  wire  gauge, 
r.  p.  m.,  or  rev.  per  min.,  revolutions 

per  minute. 
A  decimal  point  is  a  period  (.)  pre- 
fixed to  a  number  to  show 
that  the  number  is  less  than 
unity  (1);  thus,  .2  =  A; 
.36  =  A;  6.76  =  6^^,  or  6|. 


ARITHMETIC. 


Ts  Cast  ths  NInss  Out  sf  i  Numbsr.~Add  together  the  digits,  and  find  how 
many  nines  are  contained  in  their  sum.  Reject  these  nines  and  set  down  the 
remunder  to  the  right  of  the  number. 

Example.— Cast  the  nines  out  of  18,304.       18,304.    7.    Ans. 

To  Provt  Addition.— Cast  the  nines  out  of  each  row  of  figures  added,  and 
out  of  their  sum.  Add  together  the  remainder  and  cast  the  nines  from  its 
sum.  If  the  remainder  from  this  last  process  is  equal  to  the  remainder 
obtained  from  the  sum  of  the  numbers,  the  addition  is  correct. 

ExAMPLB.— Prove  this  addition:      2,1 4  3,5  6  8      2 

8,5  6  0,3  9 1       5 

1 0,7  0  3,9  5  9       7.    Ans. 
To  Provs  Subtrsotlon.— Add  the  remainder  to  the  lesser  number;  their  sum 
should  equal  the  laiger  number. 

To  Provs  Multlpliostion.— Cast  the  nines  out  of  multiplicand  and  multi- 
plier, and  multiply  the  remainders  together.    Cast  the  nines  out  of  the 
Eroduct,  and  the  remainder  should  equal  the  remainder  obtained  by  cast- 
ig  the  nines  from  the  original  product. 
EXAHPLB.— Prove  this  multiplication:    3,642  X  6,196  =»  21,946,232. 

3,64  2       6 
6,19  6       4 

21,9  4  6,2  3  2       2.    Ans. 

To  Provt  Division.— Subtract  the  remainder,  if  there  be  any,  from  the 
dividend,  and  divide  what  remains  by  the  quotient  If  the  new  quotient 
equals  the  old  divisor,  the  work  is  right. 

Example.— Divide  31,046,836  by  66.    664,407f }.    Ans. 

Pboof.— Take  43  from  31,046,836,  and  divide  the  remainder,  31,046,792,  by 
664  407.    66.    Ans. 

halt.— 7b  square  any  number  containing  the  fraction  i,  muUtply  the  whole 
number  by  the  next  higher  whole  number,  and  add  i. 

Example.—    (8tJ? -=  8  X  9  +  i  =  72i. 


COMMON    FRACTIONS. 

A  frsetitn  is  a  part  of  a  whole,  as  },  {,  etc. 

The  numtrstor  of  a  fraction  is  the  number  that  tells  how  many  parts  of  a 
whole  are  taken.  Thus,  2  is  the  numerator  of  |,  as  it  shows  that  two  of  the 
three  parts  Into  which  the  whole  is  divided  are  taken. 

The  dtnoininstor  of  a  fraction  is  the  number  that  shows  into  how  many 
parts  the  whole  is  divided.     Thus,  in  the  fraction  §,  the  3  is  the  denominator. 

A  common  dtnominttor  is  a  denominator  common  to  two  or  more  fractions. 
Thus,  i  and  3  have  common  denominators;  and  again,  12  is  a  common  de- 
nominator for  i,  i,  J,  and  ),  as  they  each  are  respectively  equal  to  Ai  A» 
A,  and  A. 

To  Add  Common  Frsotions.— If  of  the  same  denominator,  add  together  the 
numerators  only.    Thus  A  +  A  +  A  =  A' 
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FRACTIONS. 


If  they  have  diflldrent  denominators,  change  them  to  flraetions  with  oom- 
mon  denominators,  and  proceed  as  before. 
Example.— What  is  the  sum  of  4  +  i  +  i? 


Te  Multiply  Cpminon  Frsotlons 


ultiply  the  numerators  together  for  the 
the  denominator.    Thus,  }  X  A  X  f 


numerator,  and  the  denominators  for 

It  DIvidt  Common  Fractions.— Invert  the  divisor,  and  multiply. 
Example.— Divide  ^  hy  i. 

*X|  =  ^.    Ans. 
To  Roduto  Compound  Fractions  to  SImpla  Fractlona.— Multiply  the  integ^^ 
by  the  denominator  of  the  fraction,  add  the  numerator  for  the  new  numera- 
tor, and  place  it  over  the  denominator. 

EXAMPLE.— Reduce  5f  to  a  shnple  fraction. 

5  X  3  +  2  =  17,  or  the  numerator,  and  the  fraction  is  therefore  V* 
To  Raduca  SImpla  Fractlona  to  Compound  Fractlona.— Divide  the  numerator 
by  the  denominator,  and  use  the  remainder  as  the  numerator  of  the  remain- 
ing fraction. 

Example.- Reduce  V  to  a  compound  fraction. 

9)«4(7 

68      Compound  fraction  =  7^.  Ans. 


To  Raduca  Common  Fractions  tt  Oadmal  Fractions.— Annex  ciphers  to  the 
numerator,  and  divide  by  the  denominator,  and  point  off  as  many  decimal 
places  in  the  quotient  as  there  are  ciphers  annexed. 

Example.— Reduce  /W  to  a  decimal  fraction. 

16)9.0000(.5625    Ans. 

Note.— Ciphers  annexed  to  a  deci- 
mal do  not  increase  its  value.  1.13  is 
the  same  as   1.1300.      Every  cipher 

S laced  between  the  first  figure  of  a 
ecimal  and  the  decimal  point  divides 
the  decimal  by  10.    Thus, 
.13  -I- 10  —  .013 


80_ 

00 
96 

40 
82 

80 
80 


Table  of  Fbactions  Reduced  to  Decimals. 


it 

I 


.015625 

.03125 

.046875 

.0625 

.078125 

.09375 

.109375 

.125 

.140625 

.15625 

.171875 

.1875 

.203125 

.21875 

.234375 

.25 


.265625 

J28125 

.296875 

.8125 

328125 

.84375 

.359376 

.375 

.390625 

.40625 

.421875 

.4875 

.453125 

.46875 

.484375 

.5 


.515625 

.53125 

.546875 

.5625 

.578126 

.59375 

.609376 

.625 

.640626 

.65625 

.671876 

.6875 

.703126 

.71875 

.734375 

.75 


.765626 
.78125 
.796876 
.8126 
.828126 
.84376 
.869876 
.875 
.890626 
.90625 
.921876 
.9376 
.963126 
.96876 
.964376 
1.0000 


DBCIMALS. 

Decimal  fractions  have  for  their  denominators  10  or 
but  the  denominator  is  usually  omitted.  Thus,  .1  =  ^; 
*^  Totn*  etc. 

To  Add  Deolmala.— Place  whole  numbers  under 
whole  numbers,  tenths  under  tenths,  hundredths 
under  hundredths,  etc.,  and  add,  placing  the  deci- 
mal point  in  the  sum  directly  under  the  points  

above.    Thus,  1 9.6  8 1 7 


a  power  of  10, 
.01  =  j^;   .001 

.0076 
.6  3 
1.0  6 
1  7.9  8  4  2 


DECniALS. 
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Tq  Sabtratt  DhI Rials.— Arrange  the  figurei  as  in 
addition,  and  proceed  as  in  simple  subtraction. 
Thus 


4.6  7  6  3  1 
.0  5  3 


1402593 
2837655 


To  Maitiply  Dtoimals.— Proceed  as  in 
simple  mu  in  plication,  pointing  off  as 
many  decimal  places  in  the  result  as 
there  are  decimal  places  in  both  mul- 
tiplicand and  mulnplier.    Thus  0.2  4  7  7  9 1  4  8 

To  Oividt  Deolmsls.— Proceed  as  in  simple  division,  and 
decimal  plao^  in  the  quotient  as  the  number  of  decimal 
dend  exceeds  those  in  the  divisor. 
ExAMPLK  1.— Divide  4.756  by  3.8. 
8.8)4.76600(1.4412    Ans. 
88 


5.96978 
3.2  8  6  9  4 

2.6  8  2  8  4 
[5  decimal  places) 
[3  decimal  places) 


(8  decimal  places) 
point  off  as  many 
places  in  the  divf- 


145 
182 

186 
182 


Example  2.~-Divide  .006  by  20 

2  0  ).0 0  60  (.00  0  8.    Ans. 
60 


40 
88 

70 
66 

4 

'NoTB.— It  haff  been  laid  before  that  atgd)ra  it  a  ahorthand  arUhmetic. 
Before  proceeding  further  with  the  various  methods  of  arithmetic,  the 
principles  of  algebra  will  be  stated,  and,  after  the  subsequent  examples  are 
worked  out  by  arithmetical  rules,  an  example  will  be  given  of  the  algebraic 
method  of  doing  the  same.  In  every  example,  we  have  known  quantities 
from  which  we  seek  to  find  certain  unknovm  ones.  While  there  is  no  way  of 
indicating  these  in  arithmetic,  we  can  readily  do  so  in  algdyra,  by  placing  the 
first  letters  of  the  alphabet  as  representatives  of  the  known  quantities 
(as  a,  b,  c),  and  the  last  letters  {x,  y,  z)  of  the  unknown  ones.  The  signs  in 
algebra  are  those  just  given  for  arithmetic.  In  addition  to  them,  we  can 
indicate  multiplication  oy  placing  a  period  (.)  between  the  quantities,  as  a.& 
{Tead-amvMplied  byb),OT  simply  by  placing  the  two  letters  together,  as  a b. 

We  can  indicate  division  as  in  commoafhictions,  -r  being  read  a  divided  by  b. 

To  illustrate  algebraic  symbols,  let  I  denote  the  length,  b  the  breadth,  and 
h  the  height  of  a  mine  car.  If  it  be  desired  to  divide  the  height  into  the 
product  of  the  length  and  breadth,  it  is  expressed  as  follows: 

lb 

h' 
When  two  or  more  letters  are  placed  together,  without  anything  between 
them,  it  is  understood  that  the  quantities  represented  by  those  letters  should 
be  multiplied  together.    If  I  represents  8  and  b  represents  4,  then  4  and  8  are 
multiplied  together;  thus,  4  X  8  =«  32. 

If  it  be  desued  to  divide  the  height  into  the  sum  of  the  length  and  breadth, 
it  is  expre^ed  thus: 

l  +  b 


The  square  of  the  length  multiplied  by  the  cube  of  the  breadth,  thus: 

The  square  root  of  the  length  divided  by  the  cube  root  of  the  breadth,  thus: 

v/T 


The  sqiiare  root  of  the  difference  of  the  length  and  breadth  divided  by  the 
height,  uus: 


18  PBOPOBTION. 

8IMPLB   PROPORTION.  OR  SINQLK   RULE  OP  THRKK. 

A  proportiQR  is  an  expression  of  equality  between  equal  ratios;  thua,  the 
ratio  of  10  to  5 «-  the  ratio  of  4  to  2,  and  is  expressed  thus: 

10  :  5 : :  4  :  2. 

There  are  four  terms  in  proportion.  The  first  and  last  are  the  extrem€$t 
and  the  second  and  third  are  the  means. 

Quantities  are  in  proportion  by  aUemcUion  when  antecedent  is  compared 
with  antecedent  and  consequent  with  consequent.  Thus,  if  10  :  5  : :  4  :  2, 
then  10  :  4  : :  5  :  2. 

Quantities  are  in  proportion  by  inversion  when  the  antecedents  are  made 
consequents  and  the  consequents  antecedents.  Thus,  if  10  :  6  : :  4  :  2,  then 
6:  10  ::  2:  4. 

In  any  proportion,  the  product  of  the  means  will  equfd  the  product  of  the 
extremes.    Thus,  if  10  :  5  :  r  4  :  2,  then  6  X  4  =  10  X  2. 

A  mean  proportional  between  two  quantities  equals  the  square  root  of  their 
product  Thus,  a  mean  proportional  oetween  12  and  3  =  the  square  root  of 
12  X  8.  or  6. 

If  the  two  means  and  one  extreme  of  a  proportion  are  siven,  we  find  the 
other  extreme  by  dividing  the  product  of  the  means  by  tne  given  extreme. 
Thus,  10 : 6  : :  4 :  ( ),  then  (4  X  5)  -5- 10  =  2,  and  the  proportion  is  10 : 5 : :  4 : 2. 

If  the  two  extremes  and  one  mean  are  given,  we  find  the  other  mean  by 
dividing  the  product  of  the  extremes  by  the  given  mean.  Thus,  10 :  ( ) : :  4 : 2, 
then  (10  X  2)  -j-  4  =  5,  and  the  proportion  is  10  :  5  : :  4  :  2. 

Example.— If  6  men  load  30  wagons  of  coal  in  a  day,  how  many  wasons 
will  10  men  load  ?  (They  will  evidently  load  more,  so  the  second  term  of  the 
proportion  must  be  neater  than  the  flrat.) 

6  ;  10  : :  80  :  ( );  then,  (10  X  30)  -i-  6  =  50.    Ana. 


OOMPOUND   PROPORTION.   OR    DOUBLE   RULE  OP  THREE. 

Principles. 

1.  The  product  of  the  simple  ratios  of  the  first  couplet  equals  the  product 
of  the  simple  ratios  of  the  second  couplet.    Thus, 

(4  :  12)    ..    /6  :  10)         4        7^  _  _6         6 
\7  :  14/  ••    \6  :  18/       12  '^  14  -  10  '^  18* 

2.  The  product  of  all  the  terms  in  the  extremes  equals  the  product  of  all 
the  terms  in  the  means.   Thus,  in 

(4:12)   ..    (6:10) 
\7:  14/  ••    16:  18/ 

we  have  4  X  7  X  10  X  18  =  12  X  14  X  5  X  6. 

3.  Any  term  in  either  extreme  equals  the  product  of  the  means  divided 
by  the  product  of  the  other  terms  in  the  extremes.  Thus,  in  the  same 
proportion,  we  have 

5  X  6  X  12  X  14 

7  X  10  X  18    * 

4.  Any  term  in  either  mean  equals  the  product  of  the  extremes  divided 
by  the  product  of  the  other  terms  In  the  means.    Thus,  in 

(4:12)    ..    (6:10) 
t7  :  14/  ••    18:  18/ 

we  have  6  =  (4  X  7  X  10  X  18)  -i-  (6  x  12  X 14). 

Rule. — i.  Put  the  required  quantity  for  the  fret  term  and  the  similar  known 
quantity  for  the  second  term,  and  form  ratios  vnth  each  pair  qf  similar  quantitieB 
for  the  second  couplet,  as  if  the  result  depended  on  each  pair  and  the  second  term. 

1 1 .  Find  the  required  term  by  dividing  the  product qf  the  means  by  Uie  product 
qf  the  fourth  terms. 

Example  1.— If  4  men  can  earn  924  in  7  days,  how  much  can  14  men  earn 
in  12  days  7 

The8um:f24::  {iljv};  or.thesum  =  ^^^^^  «  ti44.    Ans. 
Example  2.— If  12  men  in  36  days  build  a  wall  140  rd.  long,  6  ft.  high,  how 
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many  men  can,  in  40  days,  build  a  wall  of  the  same  thicknen  144  rd.  long, 
61t.hlgh? 

Il40-U4l  ••  12  •(  )  -  85X144X5X12 
t    els    j*^       ^^'  40X140X6- 


»  9.    Ant. 


INVOLUTION. 

Tq  Sqatro  •  Numbtr.— Multiply  the  number  by  itselt  Thus,  the  square  ot 
4  =  4  X  4,  or  16. 

To  Cobt  i  Nuiobtr.— Multiply  the  square  of  the  number  by  the  number. 
Thus,  the  cube  of  4  »  16  X  4  =>  64. 

To  Find  tho  Fourth  Powor  of  •  Nambor.— Multiply  the  cube  by  the  number. 
Thus,  the  fourth  power  of  4  »  64  X  4  »  256. 

To  Roiso  •  Numbor  to  tho  Slith  Powor.— Square  its  cube. 

To  Rslso  •  Numbor  to  tho  Twolfth  Powor.— square  its  sixth  power. 

(See  logarithms  for  shorter  method.) 


KVOLUTION. 

To  Find  tho  Squoro  Root  of  i  Number: 

Rule.— I.    SeparaJU  the  given  number  into  periods  <4  two  figures  eacht  beginning 
at  the  unitt  place. 

11.    Find  the  greatest  number  whose  square  is  contained  in  the  period  on  the 


Idl:  this  wiU  be  the  first  figure  in  the  root.    Subtract  the  square  qf  this  figure  from 

the  period  on  the  l^, 

divtaend. 


the  period  on  the  2^,  and  to  the  remainder  annex  the  next  period  to  form  a 


III.  Divide  this  dividend,  omitting  the  figure  on  the  rights  by  double  the  part  qf 
the  root  already  found,  and  annex  the  quoOeiU  to  that  part,  and  also  to  the  divisor; 
then,  multiply  the  divisor  thus  complaed  by  the  figure  qf  the  root  last  obtained, 
and  subtroust  the  product  from  the  dividend, 

IV.  Xf  if*^^  O'^^  Tnore  periods  to  be  brought  dovm,  continue  the  operation  as 
before, 

EXAMPLE.~Find    the    square    root    of 
874,225. 


87'42'26(985    Ans. 
81 


18    srgTST 
649 


isesTTSTS' 

9325 


OPBRATION. 

9  V  2  =  18.  18  into  64  goes  8  times,  hence 
new  divisor  =  183.  93  X  2  =  186.  186  into 
932  goes  5  times,  hence  new  divisor  =  1,865. 

(See  logarithms  fbr  shorter  method.) 

The  square  root  of  a  fraction  is  found  by  extracting  the  square  root  of  the 
numerator  and  denominator  separately.    Thus,  the  square  root  of  ^  =  I. 

When  decimals  occur,  thje  number  is  pointed  off  into  periods  both  nght 
and  left  from  the  decimal  point,  and  there  will  be  as  many  decimal  places  in 
the  root  as  there  are  periods  to  the  right  of  the  decimal  point  in  the  number. 

Example  l.— Find  the  square 
root  of  874.225.  _.  „     ™   ^   *i, 

ft/7  A  o  «y«;  /  o  o  R  «-i.  Example  2.— Find  the  square 

8^7  4.2  2^5  (  2  9.5  6+  root  of  .00874225. 

^^j^  .00'|r42'25(.0935 

68  51^^  '-^m 

2926  ***^ 


690  7r 


39750 
86442 


186  5 


9325 
9326 


4308+ 

To  Find  tho  Cubo  Root  of  •  Number: 

Rulo.— I.  Separate  the  given  number  into  periods  qf  three  figures  each,  beginning 
at  the  units  place. 

II.  FifM,  the  greatest  number  whose  cube  is  contained  in  the  period  on  the  la- 
this wiU  be  the  first  figure  in  the  root.  Subtract  the  cube  of  this  figure  from  the 
period  on  the  l^,  ana  to  the  remainder  annex  the  next  period  to  form  a  dividend' 
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III.  DMde  ikU  dividend  by  the  partial  divi9ort  which  it  S  timet  the  tquaire  qf 
the  root  already  found,  considered  ae  tent;  the  quotient  is  the  second /^gure  of  the 
root, 

IV.  To  the  partial  divisor  add  S  times  the  product  of  the  second  figure  of  the 
root  by  the  fira  considered  cw  tens,  also  the  square  of  the  SKond  figure,  the  result 
will  be  the  complete  divisor. 

V.  Multiply  the  complete  divisor  by  the  second  figure  of  the  root,  and  subtract 
thewroduct  from  the  dividend. 

VI.  U  there  are  more  periods  to  be  brought  down,  proceed  as  before,  using  the 
part  of  me  root  already  found,  the  same  cw  the  first  figure  in  thepreviaus  process. 

Example.— Find  the  cube  root  of  12,812,901. 

OPERATION. 

12,812,904(284    Ani. 
2»=r_8__ 

Ut  partial  divisor,  3X20*  »       1,200    4,812 
8X20X3   —  180 

3S—  9     4,167 


1st  complete  divisor,       1,3  8  9 

2d  partial  divisor,  3  X  2a0>  =  158,700 

8X280X4  «        2,7  60 

4*  =  16 


645,904 
645,904 


2d  complete  divisor,  1 6 1,4  7  6 

The  cube  root  of  a  fraction  is  found  by  extracting  the  cube  root  of  the 
numerator  and  denominator  separately.    Thus,  the  cube  root  of  ||  »  }. 
(See  logarithms  for  shorter  method.) 


PERCENTAGE. 

Percentage  means  by  or  on  the  hundred.  Thus,  i^  =>  ^  »  .01, 8)(  «■  jH 
«  .03. 

To  Find  the  Ptroentsge.  Having  the  Rate  and  the  Baar— Multiply  the  base 
by  the  rate  expressed  in  hundredths.    Thus  6/fi  of  1,930  is  found  as  follows: 

1,930  X  .06  =  115.80. 

To  Find  the  Amount,  Having  the  Baso  and  the  Rate.— Multiply  the  base  by  1 
plus  the  rate.  Thus,  the  amount  of  91,930  for  one  year  at  6«  is  $1,930  X  1.06 
»  $2,045.80. 

To  Find  the  Base,  Having  the  Rate  and  the  Peroentage.— Divide  the  percent- 
age by  the  rate.  Thus,  if  the  rate  is  &fk  and  the  percentage  is  115.80,  the  base 
=  115.80  H- .06  =  1,930. 

To  Find  the  Rate.  Havini  the  Peroentage  and  the  Baae.— Divide  the  percent- 
age by  the  base.  Thus,  if  the  percentage  is  115.80  and  the  base  1,930,  the  rate 
equals  115.80  -f- 1,980  =>  .06,  or  6j(. 

ARITHMKTICAL   PROGRESSION. 

Quantities  are  said  to  be  in  arithmetical  progression  when  they  increase  or 
decrease  by  a  common  difference.  The  following  is  an  increamng  series  in 
arithmetical  progression:  1.  8,  5,  7, 9, 11, 13.  If  the  figures  be  read  backward, 
13, 11,  9,  etc.,  it  becomes  a  decreasing  series.  In  the  first  series,  the  first  term 
is  1;  the  last  term  13;  the  number  qf  terms  7;  the  common  difference  2;  and  the 
sum  of  the  terms  49. 

In  any  arithmetical  progression. 
Let  /  =  first  term; 

I  =s  last,  or  nth  term; 
d  =  common  difference; 
n  =»  number  of  terms;  and 
s  =  their  sum. 
The  second  term  =/  +  (2  —  l)d  =/  +  d;  the  fourth  term  =/  +  (4  —  l)d; 
and  the  nth  term  = 

/+(n-l)d.         (1) 
Item  equation  (1)  we  obtain 

f^'l±  (n -l)d.  (2)        '  d  =  ^=^.  (4) 

*-^^  +  l-  (8)  «-|a  +  0.  (5) 
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Sabttltatlng  fhe  value  of  I  from  (1), 


|[2/+(i»-i)d].        <e) 


ExAUPLB  1.— A  oompctny  contracts  to  pat  down  a  bore  hole  at  one  dollar 
'  per  foot  for  the  first  100  ft.;  three  dollars  (S3)  per  foot  for  the  second  100 

t.;'and  two  dollars  (92)  per  foot  additional  for  each  successive  100  ft.    The 

hole  wi|s  800  ft.  deep,    what  was  the  cost  7 

n  1.  S;  /  n  100;  and  d  =  2.    Substitute  these  values  In  formula  (6). 
«  =  |[2X  100 +  (8 -1)200]  =  $6,400.    Ans. 


deep  was  the  shaft  at  the  last  point,  and  what  was  the  total  amount  of  water 
flowing'  into  it  per  minute  7 

Dunug  the  increase  of  flow,  n  =>  17Q;  /  =  10.12;  and  d  =  .(XL  I  [by 
formula  (1)]  =  10.12  +  (170  — 1).02  =  13.50,  or  18.50  gal.  flow  at  a  depth  of  200 
ft.,  and ' «  =  4«  [2  X  10.12  +  ( 170 — 1).02]  =  2,007.7  gal.  flowing  in  along  the  first 
20O  ft.  in  depth. 

During  the  decrease  in  flow/  =  13.50;  d  =  .02,  and  {  =  .02. 

[Ibrmula  (8)]  ««     "7*^  +  1,  for  a  decreasing  progression 


n 


n  =»  — 


f-l 


+  1. 


Then, 


18^ -.02 
.02 


+ 1  =  676,  the  depth  at  which  the  rock  will  run  dry, 


will  flow  &  per  minute  along  the  last  ff76t(.    The  total  amount  of  water 
flowing  in  along  the  total  depth  of  875  ft.  is  2,007.7  +  4,563,  or  6,570.7  gal.   Ans. 


«1*  [2X  .02  +  (675-rl)  .02] ,  or  4,6^  ^al.^the  amount  of  water  that 


GEOMCTRICAL   PROGRESSION. 

A  series  of  quantities,  in  which  each  is  derived  ftom  that  which  precedes 
it,  bv  multiplication  by  a  constant  quantity,  is  called  a  geometrical  progression. 
If  the  multiplier  be  a  whole  number,  the  progression  is  styled  increasing;  if 
it  be  a  fraction,  the  progression  is  styled  decreasing.    The  series 

1,  2,  4,  8, 16,  32 
has  2  for  a  multiplier,  and  is  an  increasing  progression.    The  series 

32, 16,  8.  4,  2, 1, 

have  I  for  a  multiplier,  and  are  decreasing  progressions. 

The  common  multiplier  in  a  geometrical  progression  is  called  the  common 
ratio;  or,  briefly,  the  ratio. 


Let 


/  =a  flrst  term; 

I  =  last  term,  whose  number  from /Is  n; 

n  =  number  of  terms; 

r  =  ratio; 

8 


l^/r^K 


sum  of  terms. 
(1) 


I 


«  = 


r-l 
Ir-f 


(2) 
(3) 


/- 

/=«-»•(« 

«-/ 
r  = 


(4) 


1).        (5) 
(6) 


^  '  s  —  I 

Example.— If  a  man  should  contsact  to  sink  a  shaft  to  the  base  of  the  coal 
measures  at  the  rate  of  A  cent  for  the  flrst  50  ft.;  i  cent  for  the  second  50  ft.; 
4  cent  for  the  third  50  ft.;  and  so  on  at  the  same  rate,  how  much  would  be 
due  if  ^e  shaft  were  1,500  ft.  deep? 

/  =  ^;  n  =  80;  and  r  =  2. 

Substituting  in  formula  (l), 

I  -  A  X  (2»)  «»  33,554,432,  and*  [formula  (3)]  «  ?£i?^'*»''  ^  ^  — 1» 


—  |671,088.63ii.    Ans. 


2  —  1 
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USE  OF  LOGARITHMS. 

Loiarltkma  are  deaiffned  to  diminish  the  labor  of  multiplicatioii  and  divi- 
sion, by  substltating  m  their  stead  addition  and  subtraction.  A  logarithm  is 
the  exponent  of  the  'power  to  which  a  fixed  number,  called  the  ba«e,  must  be 
raised  to  produce  a  given  number.  The  base  of  the  common  system  is  10, 
and,  as  a  loffarithm  is  the  exponent  of  the  power  to  which  the  base  must  be 
raised  in  oraer  to  be  equal  to  a  given  number,  all  numbers  are  to  be  regarded 
as  powers  of  10;  hence, 

100  sa         1,  we  have  logarithm  of        1  =  0. 

10^  =       10,  we  have  logarithm  of       10  =>  1. 

10*  —      100,  we  have  logarithm  of     100  «  2. 

10»  —    1,000,  we  have  logarithm  of  1,000  =  8. 

10*  »>  10,000,  we  have  logarithm  of  10,000  =  4. 

The  logarithms  of  numbers  between  1  and  10  are  less  than  unity,  and  are 
expressed  as  decimals.  The  logarithm  of  any  number  between  10  and  100  is 
more  than  1  and  less  than  2,  hence  it  is  equal  to  1  plus  a  decimal.  Between 
100  and  1,000,  it  is  equal  to  2  plus  a  decimal,  etc. 

The  int^ral  part  of  a  logarithm  is  its  oharsotsristio,  the  decimal  part  is 
its  msntiMS. 

ExAMPLB.— The  log  of  67.7  is  1.88060,  the  characteristic  of  this  logarithm 
is  1  and  the  mantissa  is  .830&9. 

The  characteriHic  of  a  logarithm  it  ahoaya  1  less  than  the  number  qf  whole 
figures  expressing  that  number,  and  may  he  either  neuative  or  positive. 

The  cnaracteristic  of  the  logarithm  of  7  is  0;'  of  17  is  1:  of  717  is  2;  etc. 

The  mantissa  is  the  decimal  portion  qf  a  logarithm^  and  is  always  considered 
positive. 

To  Find  the  Logarithm  of  Any  Number  Between  I  and  IOC— Look  on  the  first 
page  of  the  table,  along  the  column  marked  "No.,"  for  the  given  number; 
opposite  it  will  be  found  the  logarithm  with  its  characteristic. 

To  Find  the  Logarithm  of  Any  Number  Consiating  of  Three  Figurea.'— Proceed 
in  the  same  manner  and  find  the  decimal  in  the  first  column  to  the  ric^ht 
of  the  number;  prefix  to  this  the  characteristic  2.  Thus,  the  logarithm 
oi  327  is  2.51455.  As  the  first  two  figures  of  the  decimal  are  the  same  for 
several  successive  figures,  they  are  only  given  where  they  change.  Thus, 
the  decimal  part  of  the  logarithm  of  302  is  .48001.  The  first  two  figures 
remain  the  same  up  to  310,  and  are  therefore  to  be  supplied. 

To  Find  the  Logarithm  of  Any  Number  of  Four  Figures.— Look  in  the  column 
headed  '•  No."  for  the  first  three  figures,  and  then  alone:  the  top  of  the  page 
for  the  fourth  figure.  Down  the  cotmnn  headed  by  the  fourth  figure,  and 
opposite  the  first  three,  will  be  found  the  decimal  part.  To  this  prefix  the 
characteristic  3. 

To  Find  the  Logarithm  of  Any  Number  Containing  Mora  Than  Four  Figures. 
Place  a  decimal  point  after  the  fourth  figure  from  the  left,  thus  changing  the 
number  into  an  integer  and  a  decimal.  If  the  decimal  nart  contains  more 
than  two  figures,  and  its  second  figure  is  5  or  greater,  add  1  to  the  first  figure 
in  the  decimal.  Find  the  mantissa  of  the  fijret  four  figures  and  subtract  it 
from  the  next  greater  mantissa  in  the  table.  Under  the  heading  "  P.  P." 
find  a  column  headed  by  the  difference  first  found;  find  in  this  column  the 
number  opposite  the  number  corresponding  to  the  first  figure  of  the  decimal, 
or  the  first  figure  increased  by  one,  and  add  it  to  the  mantissa  already  found 
for  the  first  four  figures  of  the  given  number. 

Example.— What  is  the  logarithm  of  234,567? 

Placing  a  decimal  point  after  the  fourth  figure  from  the  left,  we  have 
2,345.67.  The  mantissa  of  2,345  is  .37014;  the  difference  between  .37014  and  the 
next  higher  logarithm  .37033  is  19.  Add  1  to  the  first  figure  of  the  decimal  6, 
and  in  the  column  headed  19,  under  ••  P.  P.,"  opposite  7,  we  find  IS^jWhich, 
added  to  the  portion  of  the  mantissa  already  found,  .37014,  gives  .87027.  The 
characteristic  is  5,  hence  the  logarithm  is  5.87027. 

To  Find  the  Logarithm  of  a  Dooimai  Fraction.- Proceed  according  to  previous 
rules,  except  in  regard  to  the  characteristic.    Where  the  number  consisti 
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of  a  whole  number  and  a  decimal,  the  ohaiacteclstie  if  1  ton  than  the  whole 
number.  Where  it  is  a  simple  decimal,  or  when  there  are  no  ciphers  between 
the  decimal  point  and  the  first  numerator,  the  characteristic  is  negative, 
and  is  expressed  by  1,  with  a  minus  sign  over  it.  Where  there  is  one  cipher 
between  the  decimal  point  and  first  numerator,  the  characteristic  is  2,  with 
a  minus  sign  over  it  where  there  are  2  ciphers,  the  oharacteristio  is  8,  with 
a  minus  sign  over  it.   Thus: 

The  logarithm  of  67.7       is  1.83069. 

The  logarithm  of  6.77      is  0.83069. 

The  logarithm  of     .677     is  1.83059. 

The  logarithm  of     .0677  18  2.83059. 

The  logarithm  of     .00677  is  8.88059. 

The  characteristic  only  is  negative.   The  decimal  part  is  positive. 

To  Find  tht  Ltgirlthm  of  s  Volfsr  Frsotion.— Subtract  the  logarithm  of  the 
denominator  fh)m  the  logarithm  of  the  numerator.  The  difi^rence  is  the 
loguithm  of  the  fraction. 

EZAMPLB.— Find  logarithm  of  ^. 

Log  4  =  0.60206 
Log  10  =.  L 

1.60206 
1.60206  is  the  logarithm  of  .4. 

To  Flml  tht  Nsfurol  Nombsr  Corrosponding  to  Any  Logsrlthm.— Look  in  the 
column  headed  "  0  "  for  the  first  two  figures  of  the  decimal  part;  the  other  four 
figures  are  to  be  looked  for  in  the  same  or  in  one  of  the  nine  following  col- 
umns.. If  they  are  exactly  found,  the  number  must  be  made  to  correspond 
with  the  characteristic  by  pointing  off  decimals  or  annexing  ciphers. 

If  the  decimal  portion  cannot  be  found  exactly,  find  the  next  lower  logar 
rlthm,  subtract  it  from  the  given  logarithm,  divide  the  difference  by  the 
difference  between  the  next  lower  and  the  next  higher  logarithm,  and  annex 
the  quotient  to  the  natural  number  found  opposite  the  lower  logarithm. 

To  Multiply  by  tho  Uso  of  Logiritlims.— Add  the  logarithms  of  the  fkctors 
together;  the  sum  will  be  the  logarithm  of  their  product. 


Example.—   67.7  X  .677. 


Log  67.7  =  1.83059 
Log  .677  =  1.83059 


1.66118 
1.66118  is  the  logarithm  of  45.888. 

To  DIvido  by  tho  Use  of  Logsrithms.— Subtract  the  logarithm  of  the  divisor 
from  the  lc«arithm  of  the  dividend;  the  difference  will  be  the  logarithm  of 
the  quotient. 

EXA]fPLB.~Divlde  67.7  by  .0677. 

Log  67.7  =  1.83059 

Log  .0677  «  2.88069 

8.00000 
3  is  the  logarithm  of  1,000. 

To  Sqsoro  o  Nombor  by  tlio  Use  of  Logsrithms.— Multiplv  the  logarithm  of 
the  number  by  2.  The  product  will  be  the  logarithm  of  the  square  of  the 
number. 


Example.— Square  .677. 


Log  .677  =  1.83059 
2 


1.66118 
1.66118  is  the  logarithm  of  .45883. 

To  Cobo  s  Number.— Multiply  the  logarithm  of  the  number  by  8.  The 
product  will  be  the  logarithm  of  the  cube  of  the  number. 

To  Rslso  s  Nombor  to  Any  Power,  as  4th,  5th,  6th,  or  7th,  multiply  the  loga- 
rithm of  the  number  by  4,  6,  6,  or  7,  and  the  results  will  be  the  logarithms  of 
the  4th,  6th,  6th,  or  7th  powers,  respectively.  Thus,  a  number  can  readily  he 
raised  to  any  power  required. 


Ta  EXrMi  tk*  I^Mn,  Ctb*.  Fiirth,  FMIi,  uk»f  Rwt  «f  *  HtmUr.—OMOe 

the  logarithm  of  the  Dumber  by  the  index  of  the  root  required,  and  the 
qootlent  iHll  be  the  logarlttain  of  llie  required  root. 
Thui,  to  find  the  iquare  reot  of  &i&: 

LoMnUUQOfK-        


-  —  1.9661178  '<'  .92IB+. 


PRINCIPLES   OF   GEOMETRY. 

1.  The  sum  of  all  the  anglee  formed  on  one  aide  of  a,  Mtnight  Ilue  eqiULl* 
two  rlehl  angles,  or  iSP. 

■2.  The  Bum  of  all  the  anglee  formed  around  a  point  equals  (bur  right 
angles,  or  360°. 

3.  When  two  straight  lines  intersect  each  other,  the  opposite  or  vertical 
angles  are  equal. 

4.  If  two  angles  have  their  sides  parallel,  they  are  equal. 

5.  If  two  triangles  have  two  sides,  and  the  Ini^luded  angle  of  the  one 
equal  to  two  Hides  and  the  included  angle  of  the  other,  they  are  equal  In  aM 
their  parts. 

a.  If  two  triangles  have  two  ttngles,  and  the  included  ^de  of  theoneequal 
to  two  angles  and  the  Included  ^de  of  the  other,  the;  are  equal  in  all  tbcjr 

iter      „ 
.    Thesu 

ingthol 

In  an  isosceles  triangle,  the  aogles  oppotdle  the  equal  tides  are  equal. 

,    In  any  triangle,  the  sum  of  me  three  angles  Is  equal  to  two  right 

»,orlHOa. 


obtuse  or  one  right  angle. 

13.    In  any  triangle,  a  perpendicular  let  Hill  ftom  the  apex  to 
4ioiter  than  either  St  the  two  other  sides. 
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14.  In  any  parallelogram,  the  opposite  sides  and  angles  are  equal  each  to 
each. 

15.  The  diagonals  divide  any  paralellogram  into  two  equal  triangles. 

16.  The  diagonals  of  a  parallelogram  bisect  each  other;  that  is,  they 
divide  each  other  into  equal  ptuis. 

17.  If  the  sides  of  a  polygon  be  produced  in  the  same  direction,  the  som 
of  the  exterior  angles  will  equal  four  risht  angles. 

18.  The  sum  of  the  interior  aneles  ot  a  polygon  is  equal  to  twice  as  many 
right  angles  as  the  polygon  has  sides,  less  four  rigiit  angles. 

Example.— The  sum  of  the  interior  angles  of  a  quadrilateral  =(2X4) 
—  4  =  4  right  angles.  The  sum  of  the  Interior  angles  of  a  pentagon  => 
(2  X  5)  —  4  =  6  r&ht  angles.  The  sum  of  the  interior  angles  of  a  hexagon 
«  (2  X  6)  —  4  =•  8  right  angles. 

19.  In  equiaiigular  polygons,  each  interior  angle  equals  the  sum  divided 
by  the  number  of  sides. 

20.  The  square  described  on  the  hypotenuse  of  a  right-anxled  triangle  is 
equal  to  the  sum  of  the  squares  described  on  the  other  two  sides.  Thus,  in  a 
right-angled  triangle  whose  base  is  20  ft.  and  altitude  10  ft.,  the  square  of 
the  hypotenuse  equals  the  square  of  20  +  the  square  of  10 ,  or  600.  Tnen  the 
hypotenuse  equals  the  square  root  of  500,  or  22.3607  ft. 

2L  Having  the  hypotenuse  and  one  side  of  a  right-aneled  triangle,  the 
other  side  may  be  found  by  subtracting  from  the  square  of  the  hypotenuse 
the  square  of  the  other  known  side.  The  remainder  will  be  the  square  of 
the  required  side. 

22.  Triangles  that  have  an  angle  in  each  equal,  are  to  each  other  as  the 
product  of  the  sides  including  those  equal  aneles. 

23.  Similar  triangles  are  to  each  other  as  the  squares  of  their  correspond- 
intf  sides. 

24.  The  perimeters  of  similar  polygons  are  to  each  other  as  any  two 
corresponding  sides,  and  their  arecus  are  to  each  other  as  the  squares  of 
those  sides. 

25.  The  diameter  of  a  circle  is  greater  than  anv  chord. 

26.  Any  radius  that  is  perpendicular  to  a  chord,  bisects  the  chord  and  the 
arc  subtended  by  the  chord. 

27.  Through  three  points  not  in  the  same  line,  a  circumference  may  be 
made  to  pass. 

Directions.— Draw  two  lines  connecting  the  three  points.  Erect  perpen- 
diculaxs  from  the  centers  of  each  of  these  two  lines,  and  the  imint  of  inter- 
section of  the  perpendiculars  will  be  the  center  of  the  circle. 

28.  The  circumferences  of  circles  are  to  each  other  as  their  radii,,  and 
their  areas  are  to  each  other  as  the  squares  of  their  radii. 

Example  1.— If  the  circumference  of  a  circle  is  62.83  in.  and  its  radius  is 
10  in.,  what  is  the  circumference  of  a  circle  whose  radius  is  15  in^7 

10  :  15  : :  62.83  :  94.245  in.    Ans. 
Example  2.— If  a  circle  6  in.  in  diameter  has  an  area  of  28.274  sq.  in.,  what 
is  the  area  of  a  circle  12  in.  in  diameter? 

38  :  6S : :  28.274  :  113.096  sq.  in.    Ans. 


PRACTICAL   PROBLEMS    IN    GCOMCTRiCAL  CONSTRUCTION. 


ps 


1€ 


*r 


To  Bisect  s  Given  Strsiglit  Line  A  B.— From 
A  and  B  as  centers,  with  a  radius  greater  than 
one-half  of  A  5,  describe  arcs  intersecting  at  E 
and  F.  Draw  EF.  It  will  bisect  AB.  C  will 
be  the  middle  point,  and  EFvfiiX  be  perpendic- 
ular XjoAB.  The  points  E  and  jF*  will  be  equi- 
distant from  A,  B,  or  C. 


From  e  Given  Point  C,  Witliout  s  StrsiEht  Line  AB, 
to  Drew  s  Perpendioulsr  to  tlie  Line.— From  C  as  a 
center,  with  a  radius  sufficiently  great,  describe 
an  arc  cutting  AB  in  points  A  and  B;  then  from 
A  and  B  as  centers,  with  a  radius  greater  than 
one-half  of  A  B,  describe  two  arcs  cutting  each 
other  at  A  &n<i  draw  CD, 


^ 


V 
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At  a  OlvM  Ptlnt  C  In  a  Stralglit  Uii«  AB.  to 
Eroot  •  Parpandfoular  to  That  Lino.— Take  the  pdnts 
A  and  B  equally  distant  from  C,  and,  with  A  and 
B  as  centers,  and  a  radius  greater  than  one-half 
of  A  B,  describe  two  arcs  cutting  each  other  at 
D,  and  draw  the  line  D  C, 


At  a  Point  ^  on  a  Givon  Straight  Uno  AB, 
to  Malta  an  Anglo  Equal  to  a  GIvan  Anglo  EFO. 
From  F  as  a  center,  with  any  radius  F  6, 
describe  the  axe  EQ.  From  ^  as  a  center, 
with  the  same  radius,  describe  the  arc  CB; 
then  with  a  radius  equal  to  the  chord  EOj 
describe  an  arc  from  B  as  a  center,  cutting 
CB  at  i>,  and  draw  A  D 


To  Blaoet  a  GIvan  Aro  iiCB.— With  the  same 
radii  and  the  extremities  ^  B  as  centers,  describe 
arcs  intersecting  at  D  and  E,  The  line  DE 
bisects  the  arc  at  C 


To  Bisact  an  Angia  A  B  C— With  any  radius  and 
£  as  a  center,  describe  an  arc  cutting  the  sides  at 
A  and  C.  With  these  points  as  centers,  describe 
arcs  of  equal  ndius  intersecting  at  D,  The  line 
BDU  the  bisector,  and  the  ^^1  Bi>  =•  LJ>BC. 


To  Blaaot  an  Opon  Anglo  {Method  by  L.  L. 
LooAN).— Let  Ab  and  CD  he  the  sides  of 
an  open  angle.  With  any  point  O  as  a  oen- 
ter,  describe  a  circle  cutting  the  rides  at 
e,  /,  g,  and  A,  and  with  e  and/,  and  a  and  h 
as  centers  and  any  radius,  descrioe  arcs 
intersectinfir  at  k  and  {,  respectively.  Draw 
Ok  and  OJ  and  mn.  With  p  and  q  as  cen- 
ters,  and  any  radius,  describe  arcs  intersect- 
ing at  R  and  8.  The  line  drawn  thnmgh 
RSia  the  required  bisector. 


Through  a  GIvan  Point  A,  to  Draw  a  Straight 
Una  ParaJlol  to  a  GIvan  Straight  Una  CD.— From 
A  as  a,  center,  with  a  radius  greater  than 
the  shortest  distance  from  -4  to  CD,  describe 
an  indefinite  arc  D  E.  From  D  as  a  cent^ 
with  the  same  radius,  describe  the  arc  A  P. 
Take  D  E  equal  to  ^  J^,  and  draw  A  B. 


\ 


\ 


\ 


■^ 


To  Find  tha  Canter  of  a  Given  Ciroumfaranoe  or  Are. 
Take  any  three  points  A.  B,  and  C  on  the  circumfer- 
ence, and  unite  them  by  the  lines  A  B  and  B  C.  Bisect 
these  chords  by  the  perpendiculars  D  O  and  E  0;  thdr 
intersection  is  the  center  of  the  circle. 
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Through  s  Qivtn  Point  P,  to  Draw  a  Tongont  to  a  Glvon 
Circle.— 1.  If  P  be  in  the  circumference:  Find  C  the 
center  of  the  circle,  draw  the  radius  CP,  and  draw 
D  E  perpendicular  to  C  P, 


2.  If  P  be  without  the  circle:  Join  P  and 
the  center  of  the  circle.  Bisect  PCin  D;  with 
1>  as  a  center,  and  a  radius  D  O,  describe  the  cir- 
cumference intersecting  the  given  circumference 
at  A  and  B.  From  the  intersections  A  and  B, 
drawBPandilP. 


An  aouta  angle  having  ita  vartax  In  the  eiroomforenoo  and 
subtended  by  an  arc  is  equal  to  one-half  the  central 
angle  subtended  by  the  same  arc.  Thus,  the  L  ABC 
^%LAOa 


An  aoute  angle  Inelodod  batwaan  a  chord  and  a  tangent  is 
equal  to  one-naif  the  central  angle  subtended  by  the 
chord.  Thus,  l_ABC=^\  L  COB, 


If,  from  a  point,  two  tangenta  be  drawn  to  a  circle,  they 
will  be  equal,  and  their  angle  of  intersection  will  be 
equal  to  the  central  angle  subtended  by  the  chord 
joining  the  two  points  of  tangency.  Thus,  AB  =  ACy 
and  u  DAC  =  L  BOC, 


To  Divide  a  Straight  Una  Into  Any  Number 
of  Equal  Parts.— To  divide  the  line  AB 
into,  say,  6  parts,  draw  the  line  A  C  from 
A,  making  any  angle  with  A  B;  measure 
off  6  equal  spaces  on  A  C;  draw  6B,  and 
from  1,  g,  5,  U,BonA  Cdraw  parallels  to 
6  B,  These  divide  AB  &a  required  into 
6  equal  parts. 

Bv  a  similar  process  a  line  may  be 
divided  into  a  number  of  unequal  parts. 
Set  off  on  ^  C  divisions  proportional  to 
the  required  divisions,  and  draw  the 
parallel  lines  as  explained  above. 


2-A 
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MENSURATION. 
MENSURATION   OF  SURFACES. 


A  ^illilofria  Is  a  tbnr-stded  Sgure,  whose  oppodte  ddea  aia  pualld. 


—Divide  the  dlagonsl  by 

-Multiply  Ihe  diameter  of 
of  the  required  square. 
ly  IM  iMtrlbwl  li  •  CIrolt. 


A 


Ts  Find  tht  Am  >f  * 

licul&r  belghc,  or  altitu 

'-"-■■■StPHpmdlml 


i(n|lt.— MnlUply  its  basa  by  ODe-haie  the  perpen- 
iiliht  or  in  EqulliUrilTrlanfli.— Multiply  the  length 


of  one  of  Its  sidee 

Td  Find  tht  Lan|tn  di  Lion  aioi  ot  in  tqiirturii  irla*|l«.— invicie  Ue  per- 
pendicular belght  by  .S66025,  or  multiply  the  perpendicular  height  by  l.IHT. 
Or,  take  tbe  square  nxit  of  the  area  and  miiltfply  it  by  1.M96T. 

Ta  Find  tht^ldi  s(  ■  Sqnar*  oF  Still*  ItcM  ••  ■■  Etaliitaril  Trl«n|l<.~llal- 
Uply  the  length  of  one  ofia  sideB  by  .6&e037. 
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To  Find  tke  Ditmeter  of  o  CIroto  of  Soino  Aroa 
Divide  the  length  of  one  of  its  sides  by  1.34077. 


•a  aa  Efillattral  Trlaagla. 


The  following  rules  apply  to  any  triangle: 

Having  Two  Sidos  and  tna  Includad  Angia,  to  Find  tha  Araa.— Multiply  together 
the  two  rides  and  the  natural  sine  of  the  included  angle,  and  divtae  the 
product  by  2.    Or,  by  logarithms,  add  together  the  logarithms  of  the  two 


Acute. 

•MfflM.) 


Bight. 

(1  right  «m- 

gU.) 


Obtiue. 

{An  ohtuf 

angle.) 


sides  and  the  logarithmic  sine  of  the  included  angle,  and  fh>m  the  sum 
subtract  the  loganthm  of  2,  and  the  result  will  be  the  logarithm  of  the  area. 
Having  Thraa  Sidaa  of  a  triangla,  to  Find  tho  Aroa.— Add  the  three  sides 
together,  divide  the  sum  hj  2;  Ax>m  the  half  sum,  subtract  each  side  sep- 
arately; multiplv  the  half  sum  and  the  three  remainders  continuously 
together,  and  extract  the  square  root  of  the  product.    Thus,  if  the  triangle 


has  three  sides  whose  lengths  are  80,  40,  and  50  ft.,  then 


80-1-40  +  50 


=  60. 


Then,  subtracting  fh>m  this  60  each  side  separately,  we  have:  60  —  80  ^  SO; 
60  — 40  =  20;  60-50  =  10.  Then,  60  X  30  X  20  X  10  =  860,000.  Thesquare 
root  of  360,000  »  600  sq.  ft.,  or  area. 

Having  tlia  Thraa  Sidaa  of  a  Triangla,  to  Find  Ita  Anglaa.— In  the  triangle 
ABC,  let  AB  =  21  ft.,  BC  =  17.26  ft.,  and  ^  C  =  82 ft.  Draw  BD  per- 
pendicular  to  ^  C;  then, 

32 :  21  +  17.25  =  21  -  17.25  '.AD—DC\ 
or,  AD—DC=-    4.48 

But  ^D-f  DC  =32 


Adding, 
Subtracting, 


2AD  =-  36.48 
il  i>  =  18.24 

2  i>  C  =  27.52 
D  C  =«  13.76 


GO&A  = 


cos  C  = 


18.24 

21 
13.76 


=  .86857,  or  ^  =  29°  42'  25.7''. 


17  25  "°  •'^^^'  ^'  ^  =  ^"^  ^  26.7". 
B  «  180O  -  (w4  +  C)  =  isO  -  (290  ^  25.7" -I-  37o  5'  26.7")  =  US®  12'  7.6". 
Having  Two  SIdoa  and  Inoiudod  Anglo,  to  Find  Tliird  Sido  and  tita  Otitar  Angloa. 
In  the  triangle  A  B  C,  lei  A  B  =  Vi  tt.,  A  C  =  '2?  tt.,  and  ^  =  36°  3'  29" 


Draw B D perpendicular  Xo AC. 
^i>  =  19Xcos-4^19X  .80842 

Tan  C  ==  YU  =  1.46335,  or  C  =  65°  39'  10". 


5D  =  19X8ln^ 
=-  15.36ft.      DC 


19  X. 58861  ^  11.18  ft. 
23  -  15.36  =  7.64  ft. 


5-  180-(^  +  C) 


180 


-(860  3' 29" +550  39' 10")  =  880 17' 21".    bC=' 


BD 


11.18 


13.54  ft. 


sinC        .82562 

Having  Ona  Sido  and  tita  Two  Adjaoent  Angloa,  to  Find  tho  Othor  Two  SIdoa. 
The  third  angle  equals  180°  minus  the  sum  of  the  other  two  angles.  This 
third  angle  will  be  the  one  opposite  the  given  side.  Then  the  sine  of  the 
angle  opposite  the  given  side  is  to  the  given  side  as  the  sine  of  either  of  the 
other  angles  is  to  its  opposite  side.  Thus,  in  the  triangle  ABC,\eiA  =  G09, 
B  =  70°,  and  the  side  ^  -B  =  200  ft.  Then  the  angle  C  =  180®—  (6OO  +  7(P) 
=  50°. 

Then,  sin  50° :  200 : :  sin  60° :  B  C, 

and  sin  50^ :  200  : :  sin  70° :  A  C, 

To  Find  tho  Aroa.— Either  find  the  three  sides  as  above,  and  follow  rule 
already  gi ven»  or  multiply  the  natural  sines  of  the  two  given  angles  together. 
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Then,  as  the  natural  sine  of  the  single  angle  is  to  the  product  of  the  sines  of 
the  given  angles,  so  is  the  square  of  the  given  side  to  twice  the  required  area. 

Thus,  sinC:sin^X8in£::.<l^:to  twice  the  area  of  the  triangle. 

The  area  of  any  triangle  is  equal  to  half  the  area  of  a  parallelogram 
having  the  same  base  and  perpendicular  height. 


TRAPEZOIDS. 

A  trapeiold  has  four  straight  sides,  only  two  of  which  are  parallel. 


j; 


To  Find  the  Area  of  a  Trepezoid.— Add  together  the  two  parallel  sides,  and 
ride  by  2.    Multiply  the  quotient  by  the  perpendicular  height. 

Thus,  :iA+^X£i^=area. 


TRAPEZIUMS. 

A  tripezlom  has  four  sides,  no  two  of  which  are  paralleL 

To  Find  tlie  Ares  of  a  Trapezium.— Divide  the  trape- 
sium  into  two  triangles,  and  find  the  area  of  each 
according  to  the  rules  given  under  the  head  of 
"  Triangles."  Add  together  the  areas  of  the  two 
triangles,  and  the  sum  will  equal  the  area  of  the 
trapezium.  The  sides  and  angles  can  be  found  in 
the  same  manner. 

If  the  diagonals  and  the  perpendiculars  from  them  to  the  opposite  angles 
are  given,  add  together  the  two  perpendiculars,  multiply  the  sum  by  the 
diagonal,  and  diviae  by  2. 

The  sum  of  the  four  angles  included  in  a  trapezium  always  equals  four 
right  angles.  

POLYGONS. 

All  figures  bounded  by  more  than  four  straight  lines  are  called  polygons. 


Feaugoo. 


Uexagoa. 


\^ 


Uepiagon. 


Oclagoa 


If  all  the  sides  and  angles  are  equal,  it  is  a  regular  polygon.    If  not.  It  is 


an  irregular  polygon. 

The  sum  of  the  interior  angles  of  any  polygon  is 
right  angles  as  the  poly^n  has  sides,  less  four  right  angles. 


equal  to  twice  as  many 


To  Find  tlie  Area  of  Any  Regular  Polygon.— Square  one  of  its  sides  and 
multiply  by  the  number  given  in  the  column  of  areas  in  the  following 
table.  Or,  multiply  the  length  of  one  of  the  sides  by  one-half  the  length 
of  a  perpendicular  drawn  to  the  center  of  the  figure,  and  this  product  by 
the  number  of  sides. 

Havins  tlie  Side  of  a  Regular  Polygon,  to  Find  the  Radius  of  a  Ciroumsorlbing 
Circle.— Multiply  the  side  by  the  corresponding  number  in  following 
column  of  outer  radlL    If  the  radius  of  the  circumscribing  circle  be  givea 
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divide  it  by  the  number  in  o(damn  of  outer  radii,  and  the  quotient  will  be 
the  side  of  the  polygon. 

To  Find  the  Area  of  •■  Irrtgvlar  Polygoa.— Divide  it  into  triangles,  find  the 


Table  of  Rboulab  Polygons  Whose  Sides  Abe  Unity. 

Number 

of 
Sides. 

NAmeerPtdygon. 

Areas. 

Outer 
lUdU. 

Angles  Contained 

Be6reeti 

Two  Sides. 

Angle  at  Center 

of 

Circle. 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

Equilateral   triangle 

Square 

Pentagon 

Hexagon 

Heptagon  

Octagon  

Nonagon 

Decagon 

Undecagon 

Dodecagon 

.4390 
1.0000 
1.7205 
2.5981 
3.6339 
4.8284 
6.1818 
7.6942 
9.3656 
11.1962 

.6774 
.7071 
.8507 
1.0000 
1.1524 
1.3066 
1.4619 
1.6180 
1.7747 
1.9319 

60° 

90° 
108° 
120° 

128°  84' 17"+ 
136° 
140P 
144° 

147°  16'  22"- 
150° 

120° 
90° 
72° 
60° 

61°  26' 43"- 
46° 
40° 
36° 

32°  43'  38"+ 
90° 

area  of  each  triangle,  and  add  them  together.   The  sum  will  be  the  area 
of  thejpolygon. 

To  Find  tho  Area  of  a  Finire  Whoae  Outlinea  Are  Very  Irrenlar.— Draw  straight 
lines  around  it  that  will  enclose  within  them  (as  nearly  as  can  be  judged) 
as  much  space  not  belonsdng  to  the  figure  as  they  exclude  space  belong- 
ing to  it.  The  area  of  the  figure  thus  formed  may  be  easily  found  by 
dividing  into  triangles. 


CIRCLES. 
{See  Table  qf  Areas  cf  Circles^  Etc.) 

A  olrcte  is  a  figure  bounded  by  a  curved  line,  every  i)oint  of  which  is  equi- 
distant from  the  center.    Or.  a  circle  is  a  regular  poly- 
gon of  an  infinite  number  oi  sides. 

The  oircttmference  of  a  circle  equals  the  diameter 
multiplied  by  3.1416,  or  the  square  root  of  the  product 
of  the  area  multiplied  by  12.566. 

To  Find  tho  Diameter.— Divide  the  circumference  by 
8.1416,  or  multiply  it  by  .31831. 

To  Find  the  Area  of  a  Ci role.— Multiply  the  circumfer- 
ence by  one-fourth  of  the  diameter,  or  tne  square  of  the 
radius  by  3.1416.  Multiply  the  square  of  the  diameter 
by  .7854,  or  the  square  of  Ihe  circumference  by  .07958. 

To  Find  the  Diameter  of  a  Ciroie  Equal  in  Area  to  a  Given  Sqoare.— Multiply 
one  side  of  the  square  by  1.12838. 

To  Find  the  Radius  of  a  Circle  to  Ciroumaoribe  a  Given  Square.— Multiply 
one  side  by  .7071;  or  take  one-half  the  diagonal. 

To  Find  the  Side  of  a  Square  Equal  in  Area  to  a  Given  Ciroie.— Multiply  the 
diameter  by  .88623. 

To  Find  the  Side  of  the  Greatoat  Square  In  a  Given  Ciroie.— Multiply  the 
diameter  by  .7071. 

To  Find  the  Area  of  the  Groateat  Square  In  a  Given  Ciroie.— Square  the  radius 
and  multiply  by  2. 

To  Find  the  Side  of  an  Equilateral  Triangle  Equal  in  Area  to  a  Given  Ciroie. 
Multiply  the  diameter  by  1.3468. 

Havinf  the  Chord  and  Rise  of  an  Aro,  to  Find  tho  Radiua.— Square  half  the 
chord,  and  divide  by  the  rise.  To  the  quotient  add  the  rise,  and  divide  by  2. 
Or,  radius  =  the  square  of  the  chord  of  half  the  arc  divided  by  twice  the 
rise  of  the  whole  arc. 

Having  the  Chord  and  Radiua,  to  Find  tho  Riae.— Square  the  radius,  also 
square  half  the  chord.  Take  the  last  square  from  the  first.  Exitract  square 
root  of  the  remainder,  and  subtract  it  from  the  radius  if  the  radius  is  greater; 
if  not,  add  it  to  the  radius. 

Having  the  Radius  and  Riae.  to  Find  the  Chord.— From  the  radius  subtract 
the  rise  (or  from  the  rise  subtract  the  radius,  if  rise  is  the  greater),  square 
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the  remainder,  and  subtract  it  ftom  the  sqtnaie  of  the  ndiiu.    Extract  the 
square  root  of  the  remainder,  and  multiply  by  2. 

Havinf  the  RIm  of  the  Are  and  Diameter  ef  Cirole,  te  Find  the  Chord.— Sub- 
tract the  rise  fh>m  the  diameter,  and  multiply  the  remainder  by  the  rise. 
Extract  the  square  root  of  the  product,  and  multiply  by  2. 

To  Find  the  Breadth  of  a  Cirouiar  Ring,  Havinf  its  Area  and  the  Diameter  of 
the  Outer  Cirole.— Find  the  area  of  the  whole  circle,  and  from 
it  tbk^  the  area  of  the  rin^.  Multiply  the  remiainder  by 
1.2732,  and  the  square  root  of  the  product  will  be  the  diam- 
eter of  the  inner  circle.  Take  it  from  the  diameter  of  the 
outer  one,  and  the  remainder  will  be  twice  the  breadth. 

To  Find  the  Area  of  e  Cirouiar  Ring.— Take  the  difference  of 
the  squares  of  the  radii,  and  multiply  it  by  3.1416. 

To  Find  the  Length  of  an  Are  When  Its  Degreea  and  Radius  Are 
Given.— Multiply  the  number  of  degrees  by  .01745,  and  the  product  by  the 
radius. 

To  Find  the  Area  of  a  Sector.— Multiplv  the  arc  by  one-half  the  radius. 
The  area  of  the  sector  is  to  the  area  of  the  circle  as  the  number  of  degrees 
in  the  sector  is  to  860°. 

To  Find  the  Area  of  a  Segment.— Find  the  area  of  the  sector  having  the 
same  arc,  and  also  the  area  of  the  triangle  formed  by  the  chord  of  the  segment 
and  the  radii  of  the  sector.  If  the  segment  is  greater  than  a  semicircle,  add 
the  two  areas;  if  less,  subtract  them. 


THE    CLLIPSK. 

To  Find  the  Area  of  an  Eiiipae.— Multiply  one-half  of  the  two  azee  A  Band 

CD  together,  and  multiply  the  product  by  3.1416. 

To  Find  the  Perimeter  of  an  Ellipae.— Multiply  one-half 
the  sum  of  the  two  axes  by  8.1416. 

To  Draw  an  Approximate  Eliipae  {Methodby  Three  Squares). 
Let  a  be  the  center,  b  c  the  major,  and  ae  half  the  minor 
axis  of  an  ellipse.  Draw  the  rectangle  bfgc,  and  the 
diagonal  line  be;  at  a  right  angle  to  be,  draw  line /A  cut- 
tiujg  BBsLt  i.    With  radius  ae,  and  from  a  as  a  center, 

draw  the  dotted  arc  ej,  ^ving  the  point  ?'  on  the  line  B  B.    From  fc,  which  is 

central  between  b  and  j,  draw  the  semicircle  b  mj^  cutting  AA&tl.    Draw 

the  radius  of  the  semicircle  bmj,  cutting /flr  at ».    With  radius  mn,  mark 

on  ^^,  at  and  from  a  as  a  center,  the  point  o.    With  radius  Ao,  and  from 

center  h,  draw  the  arc  poq.    With  radius  a  I, 

and  from  b  and  c  as  centers,  draw  ares  cut- 
ting p  o  9  at  the  ix>ints  p  and  o.    Draw  the 

lines  hpr  and  hqs,  and  also  the  lines  vit 

and  qvw.    From  A  as  a  center,  draw  that 

part  of  the  ellipse  lying  between  r  and  8 

with  radius  hr.    From  o  as  a  center  draw 

that  part  of  the  ellipse  lying  between  r  and 

t  with  the  radius  p  r.    From  q,  draw  the 

ellipse  from  « to  w.    With  radius  i  t,  from  i  as 

a  center,  draw  the  ellipse  from  t  to  b  with 

radius  i<,  and  from  v  as  a  center,  draw  the 

ellipse  fh>m  k;  to  c,  and  one-half  the  ellipse 

will  be  drawn.    It  will  be  seen  that  the  whole 

construction  has  been  performed  to  find  the 

centers  h,  p,  q,  i,  and  v,  and  that  while  v  and  i 

may  be  used  to  carry  the  curve  around  the  other  side  or  half  of  the  ellipse, 

new  centers  must  be  provided  for  h,  p,  and  q;  these  new  centers  correspond 

in  portion  to  h,p,  q. 

Straightedge  Method.— On  a  stt«ightedge,  lay  off  AB 
equal  to  one-half  the  short  diameter  and  A  C  equal  to 
one-half  the  long  diameter.  Determine  points  on  the 
circumference  of  the  ellipse  by  marking  positions  of 
A,  as  the  point  B  is  moved  along  the  major  axis  and,  at 
the  same  time,  the  point  C  along  the  minor  axis. 


MENSURATION  OF  SOLIDS. 
MENSURATION    OF  SOLIDS 


THE  CUBE  AND  THE  PAR ALLELO PIPED 

To  Find  the  Surface  of  a  Cube.— Multiply  the  area  of  one  side  by  6. 

To  Find  the  Surface  of  a  Parallelepiped.— Add  together  twice  the  area  of 
the  base,  twice  the  area  of  the  side,  and  twice  the  area.of  the  end. 

To  Find  the  Cubical  Contenta  of  a  Cube  or  Parilleloplped.— Multiply  the  area 
of  the  base  by  the  perpendicular  height. 


THE    PRISM. 


the 


To  Find  the  CMfti  Serfaoe  of  a  Right  Priam.— Multiply 
perimeter  of  the  base  by  the  altitude. 

To  find  the  entire  sur&ce.  add  the  areas  of  the  bases. 

To  Find  the  Contenta  of  a  Priaa.- Multiply  the  area  of  the 
base  by  the  altitude  of  the  prism. 


THE   OYLINDER. 

To  Find  tha  Convex  Surface  of  a  Cylinder.— Multiply  the  circum* 
fiwence  of  the  base  by  the  altitude. 

To  find  the  entire  sur&oe,  add  the  areas  of  the  ends. 

To  Fiad  the  Contenta  of  a  Cylinder.— Multiply  the  area  of  the 
base  by  the  altitude. 


THE   SPHERE. 

To  Find  the  Surface  of  a  Sphere.— Multiply  the  diameter  by  the  circum- 
ference; or,  square  the  radius  and  multiply  it  by  4  and  3.1416. 

To  Find  the  Contenta  of  a  Sphere.— Multiply  the  surface  by 
one-third  of  the  radius;  or,  multiply  the  cube  of  the  diam- 
eter  by  .5236. 

To  Find  the  Surface  of  a  Zone.— Multiply  the  height  of  the 
zone  b^  the  circumference  of  a  great  circle  of  the  sphere. 

To  Find  the  Contenta  of  a  Spherical  Segment  of  One  Baae. 
Add  the  square  of  the  height  to  three  nmes  the  square  of 
the  radius  of  the  base;  multiply  this  sum  by  the  height, 
and  the  product  by  .5236. 

The  curved  surmce  on  a  hemisphere  is  equal  to  twice  its  plane  surface,  and 
the  curved  surfieuie  on  a  quarter  of  a  sphere  is  equal  to  its  plane  surfjEU^e. 


THE    PYRAMID. 

To  Find  the  Convex  Surface  of  a  Pyramid.- Multiply  the  per- 
imeter of  the  base  by  one-half  the  slant  height. 

To  find  the  entire  surface,  add  the  area  of  the  base. 

To  Find  the  Contenta  of  a  Pyramid.— Multiply  the  area  of  the 
base  by  one-third  of  the  altitude. 


THE   CONE. 

To  Find  tho  Convex  Surface  of  a  Cone.- Multiply 
i  w  the  circumference  of  the  base  by  one-half  the 
i^  slant  height, 
j  -^        To  find  the  entire  surface,  add  the  area  of  the 

To  Find  the  Contenta  of  a  Cono.— Multiply  the  area 
of  the  base  by  one-third  of  the  altitude. 
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THK  PIIU8TUM  OP  A  PYRAMID  Oil  OONK. 

Find  tke  Convtx  SarfsM.— Multiply  one-half  of  the  gum  of  the  perim- 
eters or  circumferences  of  the  two  bases 
by  the  slant  height. 

The  entire  surface  is  found  by  adding 
the  areas  of  the  two  bases. 

T*  Find  thn  Contents  of  •  Frustum.— Add 
together  the  sum  of  the  two  bases  and 
the  square  root  of  their  product,  and  mul- 
tiply the  sum  by  one-third  of  the  altitude  of  the  frustum.  • 


GYLINDmCAL   RINGS. 

A  oylindrlosi  ring  is  formed  by  bending  a  cylinder  or  pipe  until  its  two 
ends  meet. 

To  Find  the  Surface  of  a  Cylindrical  Ring.— To  the  thickness 
of  the  ring,  add  the  inner  diameter,  multiply  this  sum  by  the 
thickness  of  the  ring,  and  the  product  by  9.8696. 

To  Find  the  Contents  of  a  Cylindrical  Rinf.— To  the  thickness 
of  the  ring  add  the  inner  diameter,  multiply  this  sum  by 
the  square  of  one-half  the  thickness. 

To  rind  the  Volume  of  an  Irregular  Body.— Fill  a  vessel  of 
known  dimensions  with  water,  and  immerse  the  body.    The  contents  will 
equal  the  volume  of  water  dispUiced. 

THE    PRISMOIDAL   FORMULA. 

This  formula  is  the  invention  of  Mr.  Elwood  Morris,  C.  £.,  of  Philadelphia, 
and  is  extensively  used  in  calculating  the  cubical  contents  of  cuttings, 
embankments,  etc. 

It  embraces  all  parallelopipeds,  prisms,  pyramids,  cones,  wedges,  etc., 
whether  regular  or  irregular,  right  or  oblique,  with  their  fhi  stums  when  cut 
parall^  to  their  bases.  In  fact,  it  embraces  all  solids  having  two  parallel 
races  or  sides,  provided  these  two  faces  are  united  by  surfaces,  whether  plane 
or  curved,  on  which,  and  through  every  point  of  which,  a  straight  line  may 
be  drawn  from  one  of  the  parallel  faces  to  the  other. 

To  Find  the  Contents  of  Any  Prismoid.— Add  together  the  areas  of  the  two 
parallel  surfaces,  and  four  times  the  area  of  the  section  taken  half  way 
Detween  them,  and  parallel  to  them;  multiply  the  sum  by  the  perpendicular 
distance  between  the  two  parallel  sides,  and  divide  the  product  by  6. 


PLANE  TRIGONOMETRY. 


Piano  trigonometry  treats  of  the  solution  of  plane  triangles. 
In  every  triangle,  there  are  six  parts— three  aides  and  three  angles.    These 
parts  are  so  related  that  when  three  of  the  parts  are  given,  one  being  a  side, 
the  other  parts  may  be  found. 

An  angle  is  measured  by  the  arc  included  between  its  sides,  the  center  of 
the  circumference  being  at  the  vertex  of  the  angle. 

For  measuring  angles,  the  circumference  is  divided  into  860  equal  x>art8, 

called  degrees;  each  degree  iiito  60  equal  parts  called 
minutes. 

A  quadrant  is  one-fourth  the  circumference  of  a  cir- 
cle, or  90°. 

The  complement  of  an  arc  is  90°  minus  the  arc;  D  C 
is  the  complement  of  B  C,  and  the  angle  D  O  C  is  the 
complement  of  BO  C. 

The  supplement  of  an  arc  is  180°  minus  the  arc;  A  B 

is  the  supplement  of  the  arc  BDE,  and  the  angle  BOE. 

In  trigonometry,  instead  of  comparing  the  angles  of 

triangles  or  the  arcs  that  measure  them,  we  compare 

the  trigonometric  fiinctions  known  as  the  sine,  cosine^  tangent,  cotangent, 

9ecant,  and  cotecant. 

The  nine  of  an  arc  is  the  perpendicular  let  fall  from  one  extremity  of  the 
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arc  on  the  diameter  that  passes  thrcmgh  the  other  extremltj.   Thus*  CD  U 
the  sine  of  the  arc  ^  O. 

The  cosine  of  an  arc  is  the  sine  of  its  complement;  or  it  is  the  distance 
fh>m  the  foot  of  the  sine  to 


eOTAMttHT 


the  center  of  the  circle. 
Thus,  CE  OT  OD  equals  the 
cosine  of  arc  A  C. 

The  tsngsst  of  an  arc  is  a 
line  that  is  perpendicular  to 
the  radius  at  one  extremity 
of  an  arc  and  limited  by  a 
line  passing  through  the  cen- 
ter of  the  circle  and  the  other 
extremity.  Thus,  ^  T  is  the 
taxigent  of  A  C. 

The  ootsnfent  of  an  arc  is 
equal  to  the  tangent  of  the 
complement  of  the  arc. 
Thus,  B  T  is  the  cotangent 
of^C. 

The  secant  of  an  arc  is  a 
line  drawn  horn,  the  center 

of  the  circle  through  one  extremity  of  the  arc,  and  limited  by  a  tangent  at 
the  other  extremity.    Thus,  O  T  is  the  secant  of  A  C. 

The  bosecsnt  of  an  arc  is  the  secant  of  the  complement  of  the  arc.    Thus, 
O  3^  is  the  cosecant  of  A  C. 

The  versed  sine  of  an  arc  is  that  part  of  the  diameter  included  between  the 
extremity  of  the  arc  and  the  foot  of  the  sine.    i>  ^  is  the  versed  sine  of  A  C. 

The  coversed  sine  is  the  versed  sine  of  the  complement  of  th^  arc.    Thus, 
BE  is  the  coversed  sine  of  A  C. 

From  the  above  definitions,  we  derive  the  following  simple  principles: 

1.  The  sine  of  an  arc  eqttcUa  the  sine  of  iU  supplement,  and  the  cosine  of  an 
arc  equals  the  cosine  of  its  supplement. 

2.  The  tangent  of  an  arc  equals  the  tangent  of  Us  supplement,  and  the  cotan- 
gent of  an  arc  equals  the  cotangent  of  its  supplement. 

3.  The  secant  of  an  arc  equals  the  secant  of  its  supplement,  and  the  cosecant 
equals  the  cosecant  qfits  supplement. 


Thus, 

sine  of        70°  =  sine  of  110°. 
tangent  of  70°  =  tangent  of  110°. 
secant  of    70°  =  secant  of  110°. 


cosine  of       70°  =  cosine  of  110°. 
cotangent  of  70°  =  ootangent  of  110°. 
cosecant  of    70°  =  cosecant  of  110°. 


Thus,  if  you  want  to  find  the  sine  of  an  angle  of  120°  SO',  loolc  for  the  f<iP« 
of  180  — 120°  SO',  or  59°  SO',  etc. 

In  the  Tt.  ^xyz,  the  following  relations  hold: 


sin  c 
tanc 
sec  c 


h' 

cose 

b 
a' 

cote 

h 

• 

cosecc 

a 

h' 
a 

b' 
h 

b* 


Functions  of  the  sum  and  difference  of  two  angles:  , 

sin  IA  +  B)=^  sin  A  cos  J?  +  cos  A  sin  B. 
cos  (A  +  B)  =  cos  A  cos  B  —  sin  ^1  sin  B. 
sin  [A  —  B)  =  sin  A  cos  B  —  cos  A  sin  B. 
cos  (A  —  B)  =»  cos  A  cos  B  +  tAnA^n  B. 
Natural  sines,  tangents,  etc.  are  calculated  for  a  circle  whose  radius  is 
unity,  and  logarithmic  sines,  tangents,  etc.  are  calculated  for  a  circle  whose 
radius  is  10,000,000,000. .  

PRACTICAL   EXAMPLES   IN   THE   SOLUTION    OP  TRIANGLES. 

Case  1.    To  Determine  tlie  Height  of  o  YertiosI  Object  Standing  on  a  Horizon- 
til  Plane.— Measure  fh>m  the  foot  of  the  object  any  convenient  horizontal 


86 


PLANE  TRIQONOMBTRY. 


distance  AB\  tX  fhe  point  A^  titke  the  angle  of  elevation  BAC.  Then,  as  B 
is  known  to  be  a  right  angle,  we  have  two  angles  and  the  included  side  of  a 
trians^e. 

Assuming  that  the  line  il  B  is  300  ft.  and  the  angle  BAC  =  4Sfi.  the  angle 

C  =-  180°  -  (90°  +  40°)  =  W>.     Then, 
tin  C :  A  B  ::  Aa.  A  '.  B C, 
or  .766044  :  300  : :  .642788  :  (  ),  or  2&L78+  ft. 

Or,  by  logarithms: 

Log  300  =    2.477121 
Log  sin  40°  =    9.808067 

12.285188 
Logsin50°  =    9.884254 

2.400934  or  log  of  251.78+  ft. 
Hence,  BC  =  251.73+  ft. 

Case  2.  T*  Find  tho  Diatanoe  of  a  Vertical  Object  Wlioio  Height  ia  Knewn.— At  a 
point  A,  take  the  angle  of  elevation  to  the  top  of  the  object.  Knowing  that 
the  angle  £  is  a  rif  ht  angle,  we  have  the  angles  B  and  A  and  the  side  B  C. 

Assuming  that  the  side  BC  =  200  ft.  and  the  angle 
A  =  30°,  we  have  a  triangle  as  follows:  Angle  A  sm 
30°,  5  =  90°,  C  =  60°.  and  the  side  B  C  =  2W  ft. 

Then,  AaA'.BCi'.iAnC:  AB, 

or  .5  :  200 ::  .866025  :  (  ),  or  346.41  ft 


By  logarithms: 

Log200 

Logsin60P 

Log  sin  30° 


2.301030 
9.937531 

12.238561 
9.698970 


1>          < 

^r 

^r 

^r 

^r 

^r 

^r 

^r 

^r 

^r 

^r 

^r 

a/          » 

(9) 


2.539591  or  log  of  346.41  ft. 
Case  3.   To  Find  the  Distance  of  an  inacoesaibie  Objeot.— Measure  a  hori- 
zontal base  line  A  B,  and  take  the  angles  formed  by  the  lines  BAC  and  ABC. 

We  then  have  two  angles  and  the  included 
side.  Assuming  the  angle  .<!  to  be  60°,  the 
angle  B  50°,  and  the  side  ^  £  =  500  ft,  we 
have  the  angle  C=  180°  —  (60°  +  60°)  =  70°. 
Then, 

sin  70°  :  ^  B  : :  sin  il  :  B  C, 
and        AnlOP  :  A B  ::  tin  B  :  A  C; 
or,    .939693  :  600  : :  .866025  :  B  C,  or  460.8+, 
and  .939693  :  600  ::  .766044  :  A  (7,  or  407.6+. 
By  logarithms: 

Log500=  2.698970 
Log  sin60°  =  9.937531 

12.636501 
Log  sin 70°  =■   9.972986 

2.663515  =.  log  of  460.8+. 
Log500=  2.698970 
Log8in50°  =  9.884254 

12.583224 
Logsin70°  =  9.972986 

2.610238  =  log  of  407.6+. 

Case  4.   To  Find  the  Distance  Between  Two  Objects  Sepsrsted  by  an  Impassa- 
ble Barrier.— Select  any  convenient  station,  as 
C,  measure  the  lines  CA  and  C  B,  and  the  angle 
included  between  these  sides.    Then  we  have 
two  sides  and  the  included  angle. 

Assuming  the  angle  (7  to  be  60°,  the  side  CA^ 
600  ft.,  and  the  side  CB,  500  ft.,  we  have  the 
follovring  formula: 

CA-\-  CB'.CA-  C J : ; tan ^  t  ^ ; tan "^ -" ^ 


Then, 


2 
A-\-B       180°- 60° 


Then,        1,100 :  100 ::  tan  60° :  tan 


or  60°. 
B-A. 


FLiSE  TSIOOyOMETEY.  37 

or,  tug :  100 ::  1.732050 : .ISTUS, or  t&ngent  of  ^Z\  nctPSf, 

Then,  W  +  ^'BT  —  «8"67',orangleB, 

and  80°  -  8"  Kf  -  5P  PS',  or  anale  A. 

UaTinK  fonnd  the  angles.  And  the  third  Bide  by  the  aame  method  ai  Caae  L 
The  above  rormula,  worked  out  by  logultbiiu,  ii  u  IoUoitk 
Log  100  —  e.oooooo 

LogtanWP'  10.33S601 
12.238561 

Log  1,100  —  s.04iare 

a.lWl68  =  log  ton  ot  — ,^— ,  or  8"  B!*. 
Then,  BOO  +  8=  67'  =  68=  67-.  or  angle  B, 

and  60°  —  8°  ST'  -  51°  OS',  or  angle  A. 

Note.— The  groBier  angle  Is  always  oppo- 
dte  the  greater  aide. 

Case  5.  T(  Fin*  Ik*  Hilihl  d  t  VmiMl 
Olijeiit  StandlRf  Upan  an  HitUtat  Plant.— Meas- 
ure any  conveuent  distance  i)  f  on  a  line 
l^mthelbotof  theoblect,  and.  at  the  point 
D,  measure  the  angles  at  elevation  EDA 
and  BDB  to  foot  and  lop  of  tower.  We 
then  have  two  triangles,  both  of  which  may 
be  solved  by  Case  1,  and  the  belKht  above 
D  of  both  the  toot  and  top  will  be  known. 
The  difference  between  them  is  the  height 
oflhetower.  W 

Cases.  Ta  Find  tka  Htl|lit  «f  in  Inaoouiiblf  OtjeatUni  •  Harlualil  Phiw. 
Measure  any  convenient  horizontal  line  A  B  directly  toward  the  object,  and 
take  the  angles  of  elevation  at  .^  and  fi.  We  will  then  have  BufBcfent  data 
to  work  with.  Assuming  the  line  J  £  to  be 
1,^00  ft.  long,  the  angle  A.  26°,  and  tbe  angle 
DBCVP.  we  have  the  tollowing:  As  lie 
angle  D S  C  U  40°,  the  angle  .,1BC-  90°- 
40°,  or  60°. 

Then,  having  the  side  £C,  and  the  ancle 
BBC  =  40°,  and  the  angle .BDC  =  90°,  we 
find  tbe  side  CD  by  the  some  method  as  In 


ABD.   and  the  angle 


ba3 

angles  and  the  included  s 
third  angle  le  readily  roui 
B  D  can  be  found.     Then 
BDC,  we  have  the  angle  J 
ment,  i)  =-  90°,  and  we^vi 
Then,  the  side  CD.  or 
can  be  found  by  Case  i. 

CisE?.    To  rind  th>  Dlitano  Bttatin  Twa 
iMBOHilbl*  Oblaota  Wtitn  PsIsU  Cm  Ba  found 


.  .^^^ ._._mte  the  line  .,lB,and. 

at  point  A.  lake  the  angles  DAC,  and  DAB,  and, 
at  the  point  B.  take  the  angles  CBAiaid  CBD, 
Assume  the  length  of  J  it  i,'  400  ft. 
Angle  DAC^  66°30'. 
Angle  DAB  =  42°M'. 
Angle  CB.rf  =  WZff. 
Angle  CBi)  -  68° 60-. 


2S  SUBVEYING. 

In  the  triangle  ^BD,  we  h&yeAB  —  400  ft.,  the  angle  DAB  =  42^24f, 
the  angle  ABl)  =  (44°  36'  +  68°  SC)  =  113°  26',  and  the  angle  ADB  =  1«P 
—  (42°  24'  4-  U3°  26^ )  =  24°  IC.  Then,  according  to  Case  1,  find  the  side  D  B. 
We  then  have  three  angles  and  two  sides  of  the  triangle  ADB.  We  find 
the  thhrd  side  ADhy  Case  1. 

Then  in  the  triangle  ABCwq  have  the  angles  ABC  and  BACj  and  the 
distance  A  B.  From  these  we  find  the  side  A  C.  Then,  in  the  triangle  ADQ 
we  have  the  sides  A  D  and  A  C,  and  the  angle  DAC^  and  we  then  find  the 
sidef  CD  by  Case  4.  

SURVEYING. 

Surveying  is  an  extension  of  mensuraUon,  and,  as  ordinarily  practiced^ 
may  be  divided  into  surface  work,  or  ordinary  surveying ^  and  underground 
work,  or  mine  surveying.  With  slight  modifications,  the  instruments 
employed  in  both  are  the  same,  and  consist  of  a  compasa— if  the  work  is  of  little 
importance,  and  accuracy  is  not  required— a  transit,  level,  transit  and  level 
rods,  steel  tape  or  chain,  and  measuring  pins,  and  sometimes  certain  acces- 
sory instruments,  as  clinometers  or  slope  levels,  dipping  needles,  etc.,  as  will 
be  described  later. 

As  the  instrumental  work  is  generally  the  same  in  both  kinds  of  survey- 
ing, a  description  of  the  instruments  and  the  usual  practice  on  the  surface 
will  be  first  given,  and  afterwards  an  account  of  the  methods  of  mine  survey- 
ing as  practiced  in  the  anthracite  regions  of  Pennsylvania,  with  the 
deviations  from  the  practice  of  the  former. 

THE  COMPASS. 

The  compass  may  be  either  a  pocket  compass,  or  a  surveyor's  compass, 
and  may  be  used  by  holding  in  the  hand,  or  with  a  tripod.  The  Jacob's 
staff,  convenient  for  use  on  the  surface,  is  frequently  useless  in  the  mine. 
The  compass  is  not  accurate  enough  for  the  construction  of  a  general  map  of 
the  mine.  It  is  usefiil  inasmuch  as  it  enables  the  mine  foreman  to  readily 
secure  an  approximate  idea  of  the  shape  of  the  workings,  and,  fW>m  a  plan 
constructed  by  its  use,  he  can  get  an  approximaie  course  on  which  to  drive  an 
opening  designed  to  connect  two  or  more  given  points.  If  the  opening  is  one 
that  will  be  expensive  to  drive,  and  should  be  straight,  the  compass  survey 
should  never  be  relied  on.  

TO   ADJUST  THE   COMPASS. 

The  Levels.— First  bring  the  bubbles  into  the  center  by  the  pressure  of  the 
hand  on  different  parts  of  the  plate,  and  then  turn  the  compass  half  way 
around;  should  the  bubbles  run  to  the  ends  of  the  tubes,  it  would  indicate 
that  those  ends  were  the  higher;  lower  them  by  tightening  the  screws 
immediately  under,  and  loosening  those  under  tne  lower  ends  until,  by 
estimation,  the  error  is  half  removed;  level  the  plate  again,  and  repeat  the 
first  operation  until  the  bubbles  will  remain  in  the  center  during  an  entire 
revolution  of  the  compass. 

The  sights  may  next  be  tested  by  observing  through  the  slits  a  fine  hair  or 
thread,  made  exactly  vertical  by  a  plumb.  Should  the  hair  appear  on  one 
side  of  the  slit,  the  sight  must  be  adjusted  by  filing  off  its  under  surface  on 
the  side  that  seems  the  higher. 

The  needle  is  adiusted  in  the  following  manner:  Having  the  eye  nearly  in 
the  same  plane  vrith  the  graduated  rim  of  the  compass  circle,  with  a  small 
splinter  or  wood,  or  a  slender  iron  wire,  bring  one  end  of  the  needle  in  line 
with  any  prominent  division  of  the  circle,  as  the  zero  or  90°  mark,  and  notice 
if  the  other  end  corresponds  with  the  degree  on  the  opposite  side;  if  it  does, 
the  needle  is  said  to  cut  opposite  degrees;  if  not,  bend  the  center  pin  by 
applying  a  small  brass  vrrench,  furnished  with  most  compasses,  about  one- 
eighth  of  an  inch  below  the  point  of  the  pin,  until  the  ends  of  the  needle 
are  brought  into  line  with  the  opposite  degrees. 

Then,  holding  the  needle  in  tne  same  position,  turn  the  compass  halfway 
around,  and  note  whether  it  now  cuts  opposite  degrees;  if  not,  correct  haft 
the  error  by  bending  the  needle,  and  the  remainder  by  bending  the  center  pin. 

The  operation  must  be  repeated  until  perfect  reversion  is  secured  in  the 
first  posiuon.    This  being  obtained,  it  may  oe  tried  on  another  quarter  of  the 
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circle;  if  any  error  is  there  manifested,  the  correction  mnst  be  made  in 
the  center  pin  only,  the  needle  being  already  straightened  by  the  previous 
operation. 

When  again  made  to  cut,  it  should  be  tried  on  the  other  quarters  of  the 
circle,  and  corrections  made  in  the  same  manner  until  the  error  is  entirely 
removed,  and  the  needle  will  reverse  in  every  point  of  the  divided  circle. 


TO    USE  THE   COMPASS. 

In  using  the  compass,  the  surveyor  should  keep  the  south  end  toward  his 
person,  and  read  the  bearings  from  the  north  end  of  the  needle.  In  the  sur- 
veyor's compass,  he  will  observe  that  the  position  of  the  E  and  W  letters  on 
the  fiEkce  of  the  compass  are  reversed  from  their  natural  position,  in  order 
that  the  direction  of  the  sight  may  be  correctly  read. 

The  compass  circle  being  graduated  to  hali  degrees,  a  little  practice  will 
enable  the  surveyor  to  read  the  bearings  to  quarters— estimating  with  his 
eye  the  space  bisected  by  the  point  of  the  needle. 

The  compass  is  usually  divided  into  quadrants,  and  zero  is  placed  at  the 
north  and  south  ends.  90°  is  placed  at  the  E  and  W  marks,  and  the  gradua- 
tions run  right  and  left  from  the  zero  marks  to  90°.  In  reading  the  betuing, 
the  surveyor  will  notice  that  if  the  sights  are  pointed  in  a  N  W  direction,  the 
north  end  of  the  needle,  which  always  points  approximately  north,  is  to  the 
right  of  the  front  sight  or  front  end  of  the  telescope,  and.  as  the  number  of 
degrees  is  read  from  it,  the  letters  marking  the  cardinal  points  of  the  compass 
read  correctly.  If  the  E,  or  east,  mark  were  on  the  right  side  of  the  circle,  a 
N  W  course  would  read  N  E.  This  same  remark  applies  to  all  four  quadrants. 
The  compass  should  always  be  in  a  level  position. 


MAGNETIO   VARIATION. 

Magnetic  dtelinatlon  or  variation  of  the  needle  is  the  angle  made  by  the 
magnetic  meridian  with  the  true  meridian  or  true  north  and  south  line.  It 
is  east  or  west  according  as  the  north  end  of  the  needle  lies  east  or  west  of 
the  true  meridian.  It  is  not  constant,  but  changes  from  year  to  year,  and, 
for  this  reason,  in  rerunning  the  lines  of  a  tract  of  land,  from  field  notes  of 
some  years'  standing,  the  surveyor  makes  an  allowance  in  the  bearing  oi 
every  line  by  means  of  a  ver- 
nier that  is  so  graduated  that 
30  spaces  on  it  equal  31  on  the 

limb   of  the   instrument,   as  /.c ^o      ^      .•»      at     90, 

shown  in  the  figure. 

To  Read  the  Vornier.— As  the 
compass  vernier  is  usually  so 
made  that  there  are  but  15 
spaces  on  each  side  of  the  zero 
mark,  it  is  read  as  follows: 
Note   the    degrees   and  half 

degrees  on  the  limb  of  the  instrument.  If  the  space  passed  beyond  the 
d^ree  or  half-degree  mark  by  the  zero  mark  on  the  vernier  is  less  than 
one-half  the  space  of  half  a  degree  on  the  limb,  the  number  of  minutes  is, 
of  course,  less  than  15,  and  must  be  read  from  the  lower  row  of  figures.  If  the 
space  passed  is  neater  than  one-half  the  spacing  on  the  limb,  read  the  upper 
row  of  figures.  The  line  on  the  vernier  that  exactly  coincides  with  a  line  on 
the  limb  is  the  mark  that  denotes  the  number  of  minutes.  If  the  index  is 
moved  to  the  right,  read  the  minutes  from  the  left  half  of  the  vernier;  if  moved 
to  the  left,  read  the  right  side  of  the  vernier. 

To  Turn  Off  tlie  Yarlallon.— Moving  the  vernier  to  either  side,  and  with  it,  of 
course,  the  compass  circle  attached,  set  the  compass  to  any  variation  by 
placing  the  instrument  on  some  well-defined  line  of  the  old  survey,  and  by 
turning  the  tangent  screw  (slow-motion  screw)  until  the  needle  of  the  com- 
pass indicates  the  same  bearing  as  that  given  in  the  old  field  notes  of  the 
original -survey.  Then  screw  up  the  clamping  nut  underneath  the  vernier 
and  run  all  the  other  lines  from  the  old  field  notes  without  further  alteration. 

The  reading  of  the  vernier  on  the  limb  gives  the  amount  of  variation  since 
the  original  survey  was  made. 

The  accompanying  map  shows  the  general  course  and  direction  of  Isogenic 
lines  (those  passing  Uirough  points  where  the  magnetic  needle  has  the  same 
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AMUutloD),  In  RHputa  of  the  United  BtatMaodHeiiao  IbT  the  reu  1900. 
These  linea  ue  dn«n  fliU  when  complied  from  reliiible  Meoida,  liuc  dotted 
In  other  places.  The  declloation  is  marked  In  deoreea  at  each  ^id  of  ever; 
allemale  line,  the  algu  +  IndlcMJiig  a  <rtM  deClfnatloD.  and  the  tdga  — an 
out  declination.  The  yearly  variation,  or  change  of  declination,  for  the 
period  1SK-I90a  Is  marked  in  nomennu  places  on  tiic  map.  Tbe  anonal 
cluuige  Id  declination  is  glreu  In  minules;  a  +  sign  slgnlflea  Increadng  west 
or  decreaalag  east  decUnatlan.  a  —  ilen  the  reverse  motion.  Stations  Co  the 
right  of  tbe  atonic  curve,  or  curve  orno  declination,  have  west  declinatloD, 
and  those  to  the  lefl,  cAst  decUuaCloa.  The  large  black  circles  or  dots 
Indicate  the  capitals  of  the  several  states. 

The  use  of  this  chart  Is  quite  simple.    The  decllnadoD  for  any  place 
within  ila  bocden  Is  either  found  by  inspection  or  bv  riinple  Interpolaf — 

between  the  two  adjace— "-  — •■-  '— ""  '-  '—  ""     ^"- 

othervear  (and  ftacUon), 

dnrlny  the  period  18BM96o,'^eipreB8eirin"min'ut''e _. . 

the  cBartt+  fcr  Increasing  west  or  decreasing  east  decll 
the  reverse  motion),  'nie  amount  varies  in  time,  but  not  eumcienuy  aunng 
a  brief  lnt«rval  of  years  to  cause  any  serious  Inaccuracy,  and  the  values  given 
on  the  chart  can  M  used  (br  ■  number  of  years  to  come  Ibr  all  practical 
purpOBH;  Its  variation  with  geographical  poattlon  must  be  estimated  from 


The  traRiItls  the  onlrlDstmment  that  ahotild  be  used  for  meumfogan^ei 
tn  any  survey  where  great  accuracy  is  desired.  The  advantages  of  a  tranalc 
over  a  vernier  compass  are  mainly  due  lo  the  use  of  a  telescope.  By  its  use 
atigles  can  be  measured  either  vertically  or  horizontally,  and.  as  the  vernier 
Is  need  throughout,  extreme  accuracy  is  secured. 

The  illuBtratloD  shows  the  interior  i^nstnictlon  of  the  >ocb,eta  of  a  tranili 

having  two  verniers  to  the  limb,  the  manner  in  which  it  Is  detached  ttont  11a 

spindle,  and  bow  it 

when  desired.  The 
limb  h  Is  attached  to 
the  main  socket  c, 
which  Is  carefully 
fitted  to  the  conical 
spindle  ft,  and  held 
In  place  by  the  spring 

The  upper  plate  a, 
carrying  the  compaea 

dicle,  standards, 
etc.,  iBbslenedtothe 

" if  the  socket 

is  acted  to 
uie  upper  conical 
snrface  of  the  main 
socket  c.  Tbe  weight 
of  all  the  parts  Is  sup- 
ported on  the  Btnall 
bearings  of  the  end 
of  tbe  socket,  as 
I  little  friction  aa  posdhle  where  soch  parts  are 

.'.  In  which  a  Elrong  screw  is  Inserled  from  below,  is 

brought  down  firmly  on  (he  upper  end  of  the  main  socket  c.  thus  holding  the 
two  plates  of  the  instrument  secure]  v  together,  and,  at  the  same  time,  allow- 
ing them  to  move  freely  around  each  other.  The  steel  center  pin  on  which 
the  needle  rests  Is  held  bv  the  small  disk  teslened  to  the  upper  plate  bv 
two  small  screws  above  the  conical  center.  The  clamp  Vi  limb  d/,  with 
clamp  screw,  is  atlached  to  the  main  socket.  The  instrument  Is  leveled  by 
means  of  the  leveling  screws  I  and  placed  exactly  over  a  point  by  means  of 
the  shining  center.    The  plummet  is  attached  lo  the  loop  p. 

The  venilers  on  a  transit  dlAhr  from  those  on  a  compass  in  detail  onlf. 
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Cbabt  Showing  the  Isooonic  and  Aqonic  Lines  in  the  United  Stated 
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I  y^Afi  190O,  Aifi>  THE  Mean  Annual  Change  for  the  Period  1885-1900. 
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HieprindpleistliesKine.  The  transit  Tonler  Is  ao  divided  that  80  ipft068< 
it  equal  in  length  29  on  the  limb  of  the  instrument.    The  method  of  readii 
it  is  i»actically  the  same  as  reading  a  compass  yemiex,  except  that 
the  transit  the  vernier  is  made  with  all  of  the  90  divisions  on  one  side  of  tl 
zero  mark. 

Each  division  of  the  vernier  is  therefore  W^,  or,  in  other  words,  1  minu 
shorter  than  the  half-degree  graduations  on  the  limb. 

In  the  figure  the  reading  is  TUP  W,  If  the  zero  on  the  vernier  should  1 
beyond  20i°^on  the  limb  of 
the  transit,  and  the  line 
marked  10  should  coincide 
with  a  line  on  the  limb,  the 
reading  would  be  20°  40^. 
In  case  the  12th  line  from 
zero  should  coincide  with  a 
line  on  the  limb,  the  read* 
ing  would  be  20^42^,  etc. 

In  some  transits,  the 
graduated  limb  has  two 
sets  of  concentric  gradua- 
tions, the  zero  in  both  being 
the  same,  and,  while  the  outside  set  is  marked  fix>m  (P  each  way  to  90°,  ao 
thence  to  0^  on  the  opposite  side  of  the  circle,  the  other  set  is  marked  froi 
(P  to  860°  to  the  right,  as  a  clock  fietce.  The  inside  set  has  the  N,  8,  £,  and  ^ 
points  marked,  the  QP  of  the  inside  set  being  taken  as  north. 

The  interior  of  the  telescope  is  fitted  up  with  a  diaphragm  or  cross-wli 
ling  to  which  cross-wires  are  attached.    These  cross-wires  are  either  < 

glatinum  or  are  strands  of  spider  web.  For  inside  work,  platinum  shoul 
e  used,  as  iq)ider  web  is  translucent  and  cannot  readily  be  seen.  They  ai 
set  at  light  angles  to  each  other  and  are  so  arranged  that  one  can  I 
adjusted  so  as  to  be  vertical  and  the  other  horizontal.  This  diaphragm 
suspended  in  the  telescope  by  four  capstan-headed  screws,  and  can  be  move 
in  either  direction  by  working  the  screws  with  an  ordinary  adjusting  pii 
The  transit  diould  not  be  subjected  to  sudden  changes  in  temperature  uu 
may  break  the  cross-hairs.  In  case  of  a  break,  remove  tne  cross-ha: 
diaphragm  and  replace  the  broken  wire. 

The  intersection  of  the  wires  forms  a  very  minute  point,  which,  whe 
they  are  adjusted,  determines  the  optical  axis  of  the  telescope,  and  enabl< 
the  surveyor  to  fix  it  upon  an  object  with  the  greatest  precision. 

The  imaginary  line  pawing  through  the  optical  axis  of  the  telescope  ; 
termed  the  line  o/coUimation,  and  the  operation  of  bringing  the  intersection  ( 
the  wires  into  the  optical  axis  is  callea  the  adjuttment  of  me  line  of  coUimatioi 

All  screws  and  movable  parts  should  be  covered,  so  as  to  keep  out  aci 
water  or  dust.  If  this  is  not  done,  the  mine  work  will  soon  use  up  a  transi 
The  vertical  circle  on  the  transit  may  be  a  fUll  circle  or  a  segment.  Tta 
former  is  to  be  preferred,  as  it  is  always  ready  without  intermediate  clam 
screws.  If  the  dip  of  a  ^ght  is  to  be  taken,  the  tape  must  be  held  at  tta 
tranidt  head,  and  stretched  in  the  line  of  sight.  If  the  pitch  of  the  ground  i 
to  be  taken,  the  point  of  foresight  must  be  at  the  same  neight  as  the  axis  c 
the  tnmsit,  and  the  sight  will  then  be  parallel -to  the  surface.  The  angle  c 
dip  is  read  **  plus"  or  '* minus,"  as  it  is  above  or  below  the  horizontal  plan< 
If  we  have  the  dip  of  a  sight,  and  the  distance  between  the  transit  head  an 
the  point  of  sight,  we  can  get  the  vertical  and  horizontal  comix>nents  of  the 
diirtanoe  from  the  table  of  sines  and  cosines.  > 


ADJUSTMENTS  OP  THE  TRANSIT. 

The  use  of  a  transit  tends  to  disarrange  some  of  its  parts,  which  detract 
from  the  aecuracv  of  its  work,  but  in  no  way  injures  the  instrument  itseli 
Correcting  this  disarrangement  of  parts  is  called  adjusting  the  transit. 

First  Adjustment. — To  make  the  level  tubes  parallel  to  the  vernier  plate. 

Plant  tne  feet  of  the  tripod  firmly  in  the  ground.  Turn  the  instrumen 
until  one  of  the  levels  is  parallel  to  a  pair  of  opposite  leveling  screws;  th 
other  level  will  be  parallel  to  the  other  pair.  Brin?  the  bubble  in  each  tub 
to  the  middle  with  the  pair  of  leveling  screws  to  which  the  tube  is  paralle! 
Next  turn  the  vernier  plate  halfway  around;  that  is,  revolve  it  through  ai 
angle  of  180°.  If  the  bubbles  have  remained  in  the  middle  of  the  tubes,  th 
levels'aie  in  proper  adjustment.   If  they  have  not  remained  so,  but  hav 
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moved  towaid  either  end,  bring  them  half  way  hack  to  the  middle  of  the 
tubes  by  means  of  the  capstan-headed  screws  attached  to  the  tabes,  and  the 
rest  of  the  way  back  by  the  leveling  screws.  Again  turn  the  vernier  plate 
through  180^,  and  if  the  bubbles  do  not  remain  at  the  middle  of  the  tubes, 
repeat  the  correction.  Sometimes  the  adiustment  is  made  by  one  triaJ,  but 
umially  it  is  necesstry  to  repeat  the  operation.  Each  level  must  be  adjusted 
separately. 

SeetRd  Adlsstmeiit.— 2b  make  the  line  qf  coUimation  perpendicular  to  the 
horitontal  aana  that  supports  the  telescope. 

With  the  instrument  firmly  set  at  A,  and  carefhlly  leveled,  sight  to  a  pin 
or  tack  set  at  a  point  S,  about  400  fb.  distant,  and  on  level  or  nearly  level 

ground.  Reverse  the  tele- 
scope; that  is,  turn  it  over  on 
itg  axis  until  it  points  in  the 
opposite  direction,  and  set  a 

S»int  at  about  the  same  dis- 
nce,  which  will  be  at  D, 
for  example,  if  this  adiustment  needs  correction.    Unclamp  the  vernier 

{)late,  and,  without  toucning  the  telescope,  revolve  the  instrument  about 
ts  vertical  axis  sufficiently  far  to  take  another  sight  upon  the  point  B, 
Then  turn  the  telescope  on  its  axis  and  locate  a  third  point,  as  at  C. 
Measure  the  distance  (7i>,  and  at  £,  one-fourth  of  the  distance  fit>m  Cto  Z>, 
set  the  pin  or  tack.  Move  the  cross-hairs,  by  means  of  the  capstan-headed 
screws,  until  the  vertical  hair  exactly  covers  the  pin  at  E,  being  carefhl 
to  move  it  in  the  opposite  direction  firom  that  in  which  it  appears  it  should 
be  moved.  Having  done  this,  and  then  having  reversed  the  telescope,  the 
line  of  sight  will  not  be  at  the  point  B,  but  BXO,a.  distance  from  B  equal 
to  CE.  Again  sight  to  B,  then  reverse,  and  the  pin  will  be  at  F  in  the 
same  straight  line  with  A  B.  It  may  be  necessary  to  repeat  the  operation 
to  secure  an  exact  adjustment. 

Third  Adjastmsnt.— 7b  make  the  horizontal  axis  of  the  telescope  parallel  to  the 
vernier  pkUe,  so  that  the  line  of  coUimation  wiU  revolve  in  a  vertt^  plane. 

Sight  to  some  points  at  the  top  of  a  building,  so  that  the  tele- 
scope will  be  elevated  at  a  large  angle.  Depress  the  telescope, 
and  set  a  pin  on  the  ground  oelow  at  a  i)oint  B.  Loosen  the 
clamp,  turn  over  the  telescope,  and  turn  the  plate  around  suffi- 
ciently far  to  take  an  approximately  accurate  sight  upon  the 
point  A,  Then  clamp  the  instrument  and  again  take  an  exact 
sight  to  the  point  A,    fiext  depress  the  telescope,  and  set  another 

Sin  on  the  ground,  which  will  come  at  C.  The  distance  B  C  is 
ouble  the  error  of  adjustment.  Correct  the  error  by  raising 
or  lowering  one  end  of  the  telescope  axis  by  means  of  a  small 
screw  placed  in  the  standard  for  that  purpose.  The  amount 
the  screw  must  be  turned  is  determined  only  oy  repeated  trials. 

Fourth  Adjastment. — 7b  make  the  axis  otf  the  attached  level  qf  the 
tdescope  parallel  to  the  line  of  coUimation. 

Drive  two  stakes  at  equal  distances  from  the  instrument  and 
In  exactly  opposite  directions.  Level  the  plate  carefhlly,  and 
clamp  the  telescope  in  a  horizontal  position,  or  as  nearlv  so  as 
possiDle.  Sight  to  a  rod  placed  alternately  upon  each  stake,  and  have 
the  stakes  dnven  down  until  the  rod  reading  is  the  same  on  both  stakes. 
When  this  condition  is  reached,  the  heads  of  the  stakes  are  at  the  same 
level.  Then  move  the  instrument  bevond  one  stake  and  set  it  up  so  that 
it  will  be  in  line  with  both  stakes.  Level  the  plate  again  and  elevate  or 
depress  the  telescope  so  that,  when  a  sight  is  taken  to  the  rod  held  on  first 
one  stake  and  then  on  the  other,  the  reading  will  be  alike  on  both.  In 
this  position,  the  line  of  coUimation  is  level,  and  the  bubble  in  the  level 
attacned  to  the  telescope  should  stand  in  the  center  of  the  bubble  tube.  If 
it  does  not,  bring  it  to  the  center  by  turning  the  nuts  at  the  ends  of  the  tube, 
being  carefhl  at  the  same  time  to  keep  the  telescope  in  the  petition  that 
gives  equal  rod  readings  on  both  stakes. 

THE  CHAIN  OR  STEEL  TAPE  AND  PINS. 

The  chain,  which  is  generally  60  or  100  ft.  long,  should  be  made  of  annealed 
steel  wire,  each  link  exactly  1  n.  in  length.  The  Unks  should  be  so  made  as 
to  reduce  the  liability  to  kink  to  a  minimum.  All  Joints  should  be  brazed, 
and  handles  at  each  end  of  O  shape,  or  modifications  of  O  shape,  shotUd  be 
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provided.  These  handlei  slioiild  be  attached  to  sb<^  links  at  each  end,  and 
the  combined  length  of  each  of  these  short  links  and  one  handle  should  be 
exactly  1  ft.  The  nandles  should  be  attached  to  the  short  link  in  such  a 
manner  that  the  chain  may  be  slightly  len&rthened  or  shortened  by  screwing 
up  a  nut  at  the  handle.  It  should  be  diyided  every  10  ft.  with  a  brass  tag,  on 
which  either  the  number  of  points  repres^its  the  number  of  tens  from  the 
firont  end,  or  the  number  of  tens  may  be  designated  by  figures  stamped  on 
the  tags. 

When  a  chain  is  purchased,  one  that  has  been  warranted  as  "  Correct,  U.  S. 
Standard,"  should  be  selected,  and,  before  using  it,  it  should  be  stretched  on 
a  level  surface,  care  being  taken  that  it  is  straight,  and  no  kinks  in  it,  and 
the  extremities  marked  by  some  permanent  mark.  These  marks  can  be 
used  in  the  Aiture  to  test  the  chain.  It  should  be  tested  frequently,  and  the 
length  kept  to  the  standard  as  marked  when  it  was  new. 

m  chaining,  the  chainmen  should  always  remember  the  axiom  that  a 
ttraight  line  is  the  shortest  distance  between  ttvo  points.  Ordinarily,  the  chain 
should  be  held  horizontally,  and  if  either  ena  is  held  above  the  ground,  a 
plumb-bob  and  line  should  be  used  to  mark  the  end  of  the  chain  on  tne 
ground.  If  used  on  a  regular  incline,  the  chain  may  be  stretched  along  the 
incline,  and,  by  having  the  amount  of  declination,  the  horizontal  and 
vertical  distances  mav  either  be  calculated  or  found  in  the  Traverse  Table. 

For  accuracy,  steel  tapes  are  now  almost  exclusively  used  by  the  leading 
mining  engineers,  on  account  of  their  greater  accuracy  as  compared  with 
chains. 

The  stesi  tspe  is  simply  a  ril>bon  of  steel,  on  which  are  marked,  by  etching, 
or  other  means,  the  different  graduations,  which  may  be  down  to  inches  or 
tenths  of  a  foot,  or  may  be  only  every  foot.  It  is  wound  on  a  reel,  and  may 
be  any  desired  length  up  to  600  ft. 

A  well-made  tape  should  not  vary  ^  ft.  in  100  ft.,  at  any  given  standard 
of  temperature.  The  steel  of  the  tape  should  not  be  too  hign  in  carbon,  or  it 
will  be  brittle  and  liable  to  snap  on  a  short  bend,  nor  shomd  it  be  of  too  soft 
steel,  or  it  will  stretch  when  strongly  pulled. 

Careftil  grunsmiths  can  make  and  repair  steel  tapes  with  a  high  degree  of 
accuracy,  and  Ailly  as  reasonably  as  the  instrument  makers.  For  outside 
work,  tapes  1,000  ft.  long  have  been  made,  but  500  ft.  will  be  found  as  long  as 
can  well  be  used  in  a  mine,  owing  to  the  lack  of  long  rights,  and  to  the 
increased  weight  of  so  long  a  tape.  The  average  length  is  800  ft.  The  300  ft. 
are  divided  into  10-ft.,  5-iT.,  2-ft.,  or  1-ft.  lengths,  as  desired,  and  the  tenths 
and  hundredths  of  a  foot  are  read  by  means  of  a  pocket  tape  or  measuring 
pin.  Sometimes  there  is  an  extra  division  before  the  zero  mark,  which  is 
divided  into  feet  and  the  first  foot  into  tenths.  With  such  a  tape,  a  distance 
can  be  accurately  measured  to  tenths,  or  even  quite  approximately  to 
hundredths  of  a  foot 

The  ends  are  fitted  with  eyes  on  swivel-joints,  to  i»revent  straining  by 
twisting.  Handles  of  various  forms  have  been  devised  to  enable  the  tape  to 
be  stretched,  or  to  clamp  a  broken  end.  Some  parties  use  ordinary  springs 
to  prevent  overstraining,  and,  in  certain  cases,  spring  scales  are  usea,  and 
the  same  degree  of  tension  can  be  readilv  produced,  and,  in  this  way,  the 
exact  amount  of  sag  can  be  calculated  for  an^  length,  and  the  necessary 
correction  made.  To  keep  a  mark  on  the  tape  K>r  frequent  reference,  a  dip 
(made  by  bending  sharply  on  itself  a  piece  of  steel  i  in.  X  8  in.)  is  slipped 
upon  the  tape,  where  it  will  remain  unless  subjected  to  considerable  force. 
Reels  for  winding  the  tape  are  made  of  iron  or  wood,  and  vary  greatly  in 
size  and  shape. 

When  distances  do  not  come  at  even  feet,  the  fractional  part  of  the  foot 
should  always  be  noted  in  tenths.  Thus,  53  ft.  and  6  in.  should  always 
be  noted  as  53.5  ft. 

Pins. — Pins  should  be  from  15  to  18  in.  long,  made  of  tempered-ste^  wire, 
and  [^ould  be  pointed  at  one  end,  and  turned  with  a  rinig  for  a  handle. 
When  usinff  a  50-ft.  chain,  a  set  of  pins  should  consist  of  eleven,  one  of  which 
should  be  custinguished  by  somepeculiar  mark.  This  should  be  the  last  pin 
stuck  by  the  front  chainman.  When  all  eleven  pins  have  been  stuck,  the 
fix>nt  chainman  calls  "Out!"  and  the  back  chainman  comes  forward  and 
delivers  Mm  the  ten  pins  that  he  has  picked  up,  and  he  notes  the  "out.** 
When  giving  the  distance  to  the  transitman,  he  counts  his  "outs,"  each  or 
which  consists  of  500  ft.,  and  adds  to  their  sum  the  number  of  fifties  as  denoted 
by  the  pins  in  his  possession,  and  the  odd  number  of  feet  and  fractional  parts 
of  a  foot  ftom  the  last  pin  to  the  front  end  of  the  chain. 
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The  accuracy  and  value  of  a  suryey  depend  aa  nradi  on  the  oarefbl  work 
of  the  chainmen  as  on  anything  else,  and  no  one  should  he  allowed  to 
either  drag  or  read  the  chain  that  is  not  intelligent  enough  to  appreciate  the 
importance  of  extreme  accuracy. 

Fins  are  generally  used  in  outside  work,  where  they  can  he  easily  stuck 
into  the  sround,  readily  seen,  and  avoided,  and  the  chances  of  their  heing 
disturtied  are  slight,  inside  work  generally  contains  so  many  chances  ^ 
error  in  their  use  that  they  are  usually  abandoned  in  &yor  of  other 
methods.  If  the  sight  be  longer  than  the  length  of  the  tape,  it  is  usual  to 
drive  a  tack  in  a  siU  or  a  collar  at  a  point  intermediate  between  the  stations, 
and  take  a  measurement  to  the  tack  from  each  station,  with  the  dip  of  the 
rights;  or  a  tripod  is  set  up  in  the  line  of  sijBfht,  and  the  horizontal  distance 
is  measured  from  each  station  to  the  string  of  the  plumb-bob  under  the 
tripod.    The  first  method  is  the  more  accurate. 

Plumb-Bob.— The  plumb-bob  takes  the  place  of  the  transit  rod  in  under- 
ground work,  as  the  stations  are  usually  in  the  roof,  and  strings  are  hung  from 
uiem  to  ftimlsh  foresights  and  backsights.  Plumb-bobs  vary  in  weight  and 
shape.  At  various  times  and  in  various  countries  where  mine  surveys  have 
been  made,  the  idea  of  sighting  at  a  flame  has  been  considered,  and,  from 
rough  methods  of  setting  a  lamp  on  the  floor  on  foresight  and  backsight, 
there  have  arisen  various  forms  of  plummet  lamps.  The  idea  is  to  continue 
the  practice  of  si^tinf  to  a  flame,  but  to  make  that  flame  exactly  under  the 
station,  and  to  avoid  the  difficulty  in  sisphting  to  the  string  of  the  plummet. 
The  idea  is  good,  but  there  has  never  oeen  devised  a  plummet  lamp  that 
would  be  as  free  from  error  under  all  circumstances  a«  the  old-fiishioned 
plummet,  so  that  the  majority  of  the  best  engineers  have  gone  bacQL  to  tiie 
plummet.  The  best  plummet  is  the  one  that  combines  the  least  surfieuie  with 
the  greatest  weight,  and  the  ordinary  shapes  used  for  outside  work  are  the 
best  for  inside  also.  In  a  **  windy  "  place,  a  hole  can  be  dug  in  the  ballast 
of  the  track  and  the  "  bob  "  let  into  mis  shelter  where  it  will  be  unaffected 
by  the  air.  The  cord  is  best  illuminated  by  placing  a  white  paper  or  card- 
board behind  it  and  holding  the  lamp  in  front  and  to  one  slae.  The  string 
shows  as  a  dark  line  against  a  white  eroand,  and  there  is  less  difficulty  in 
finding  it  than  when  the  light  is  placed  exactly  behind  it,  and  in  this  way  a 
careless  man  cannot  bum  the  string  by  poking  the  flame  against  it  The 
white  backfiTOund  will  also  illuminate  the  cross-hairs  of  the  transit.  The 
backsight  "  Dob  "  can  be  made  of  lead,  as  there  are  no  "  centers  "  to  be  set  by 
this  man.  A  number  of  varieties  have  been  made  for  the  foresight,  to  aid  htm 
in  "  center  settinfi" " ;  but  all  get  out  of  order  easily.  A  quick  man  will  do  as 
good  work  with  the  old-style  bob,  and  have  none  of  the  accidents  common 
to  the  others.  In  general,  it  may  oe  said  that  the  instruments  used  for  outside 
work  will  be  sufficient  for  mine  work  also. 

The  clisometsr,  or  slope  lowel,  is  a  valuable  instrument  for  side-note  work; 
but  it  is  not  accurate  enough  for  a  survey,  and  its  place  is  tak^i  by  the 
vertical  circle  on  the  transit.  There  are  two  styles  of  clinometer,  with  a 
bubble  and  with  a  pendulum.  The  latter  is  the  old-fashioned  and  nu^e 
accurate  German  **  Oradbogen ' '  that  is  found  on  some  old  corps.  The  bubble 
variety  is  much  more  easily  rendered  worthless  by  the  breaking  of  the  bubble 
tube,  and  in  general  is  not  so  accurate  as  the  other  style,  which  consists  of  a 
semicircular  protractor  cut  out  of  thin  brass  and  rarnished  with  hooks  at 
each  end,  that  it  can  be  hung  on  a  stretched  string  so  that  the  string  will 
pass  through  the  0^  and  180°  points.  The  dip  is  reaa  by  a  pendulum  swung 
from  the  center  of  the  circle.  If  made  sufficiently  larse  it  will  readily  read 
to  quarter  degrees.  By  inclining  the  string  parallel  to  the  sur&ce  and 
hanging  the  clinometer,  the  dip  will  be  obtained.  A  pocket  instrument 
combining  a  compass  and  clinomet^  can  be  obtained  from  any  dcMtler  in 
surveying  instruments.  

FIELD   NOTES   PCR  AN    OUTSIDE  COMPASS  SURVEY. 

Call  place  of  beginning  Station  1. 

Stations,  Bearings,  Distances, 

1-2  N  36°  E  270.0 

At  1  +  37  ft.  crossed  small  stream  8  ft.  wide. 
At  1  -I- 116  ft.  »  first  side  of  road. 
At  1  -h  131  ft.  «"  second  side  of  road. 

At  1  + 187  ft.  »  blazed  and  painted  pine  tree,  3  ft.  left,  marked  Ibr  a 
''goby." 


«< 
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Station  2  fa  a  state  at  foot  of  vblte-oaJi  tree,  biased  and  panted  oi 
jides  for  corner. 

■ir^  N  8S|°  E  120.0 

Station  3  Ih  a  slake-and-elones  corner. 

3-*  S  67°  E  ZXLO 

5  +  W  ft.  =  center  of  small  etream  2  ft.  wide. 
S  +  ie9ft.=  Wliileoak"gob7,"2fl.rieht. 
8tatii>a  4  ~  cnt  atone  coiner. 

4-5  a  34P  W  «M.O 

4  +  1T4  ft.  —  ledga  of  sandstone  10  ft.  thIcX  dlpplni*  27°  sonth, 

5-1  K6«ow  "^tnon 

'  *    =  ledge  of  sandstone  10  ft ,  _, 

conttnnallon  of  fame  ledge  as  at 
Ststloii  1  ^  place  of  beginning. 

TRANSIT  SURVEYING. 

ot  deflected.  U  we 
Hhslt  And  that  there 
namely  tbe  included 

and  (ladoated  limb 


nustadd  OT  subtract 
I  agree;  by  deflected 
subCractioo.  and  tlie 


sight  to  ael-ap.  Ptunge  tetescotie  back  and  set  nn  ^realgbt  and  read  both 
needle  and  vernier.  The  dllTerence  In  needle  Tcadlnes  should  agree  wltbtbe 
TemleT  reading  wltbln  i^,  aa  local  attraction  will  affect  the  needle  equally 
on  both  sights. 

NorE,— Any  mass  of  Iron  ot  steel  that  may  and  will  be  moved  during  the 
rtsdlngH  of  the  needle,  will  affect  the  same  and  destroy  the  value  of  the 
needle  aa  a  cheek.  The  tape  and  other  iron  materials  should  not  be  moved 
dtiring^Uie  taking  of  angles. 

~-  in  Varelir.— Set  vernier  at  zero,  unclamp  compass  needle,  and, 


np  plunee  t 


exactly  as  It  did  on  the  last  foresight,  as  a  slip  In  carrying 

.™rf.M„„  . „,i. hiph  is  not  detected  —  •'•-■' — 

e  flnal  work  is  found 


er,  which  is  not  detected  at  thetini 
en  the  flnal  work  Is  found  to  be  in 
.  On  eveiT  sight  the  needle  and  v 
traction  ol^tbe  needle. 

,. a  field  that  Is  to  be  surveyed /roro  a  c 

point,  we  can  make  the  sorvey  b;  aeltlag  up  at  that  point,  and,  with  one 


.— _^_-  is  taken  aa  before.    On  eveir  sight  the  needle  and  vemlei 

shonld  agree  If  there  la  no  local  attraction  ol^tbe  needle. 

.- — ,.  .1 —rs  of  afield  that  Is  to  be  surveyed  /roro  a  central 
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oomer  as  a  backsight,  take  all  the  other  comers  as  foresights  with  but  one 
set-up,  and  by  measuring  ftom  this  point  to  all  of  the  comers;  or  we  can 
set  up  at  any  comer  and  run  a  line  of  survey  around  the  field.  This  latter 
method  is  called  meandering.    Both  methods  will  give  the  same  result  when 

Slotted;  but  the  former  is  much  quicker,  as  the  houndaries  of  a  tract  are 
'equently  overgrown  with  bushes  that  must  be  cleared  to  allow  a  sight; 
while  a  central  point  can  frequently  be  found  that  will  allow  a  free  sight  to 
all  the  comers,  and  the  distance  can  be  measured  by  tape,  or  stadia.  As  the 
central  point  is  nearer  the  comers  than  they  are  to  one  another,  it  follows 
that  a  snorter  distance  must  be  chained  or  cut  in  the  case  of  a  central  set-up. 
Outside  surveys  may  be  made  for  many  purposes.  It  matters  not  what 
the  purpose  is,  the  work  should  be  fUUy  and  accurately  done,  and  the  map 
should  contain  everything  that  will  throw  light  upon  the  subject.  If  the 
outside  work  is  to  be  connected  with  inside  surveys,  there  are  a  number  of 
points  to  be  observed,  and  they  will  be  given  under  the  head  of  underground 
work. 

Meridlint,  or  Btse  Linos.— The  survevs  must  be  based  on  some  meridian, 
and  started  from  some  fixed  ix>int.  There  are  four  kinds  of  meridians,  or 
''base  lines." 

First.— A  line  already  on  the  ground,  as  one  of  the  sides  of  the  tract,  is 
taken  as  a  base.  The  subsequent  work  is  referred  to  one  or  both  ends  of  this 
line,  and  all  angles  measured  are  taken  as  deviations  from  it. 

Second,— A  stone  post  is  sunk  in  the  ground,  or,  better,  an  iron  plug  is  put 
into  rock  "in  place  ''^— that  is,  not  loose  rock,  even  if  a  large  boulder— at  such 
a  distance  from  the  works  as  to  be  beyond  the  influence  of  moving  machinery, 
and  a  line  of  sight  is  taken  to  some  permanent  natural  object,  as  far  distant  as 
can  be  clearly  seen  under  adverse  circumstances,  as  cloudy  or  dark  weather. 
This  line  of  sight  is  the  base  line,  and  the  plu^  is  the  origin.  No  measurements 
of  distance  are  needed.  If  no  natural  objects  exist,  a  station  is  set  up  at 
a  distance,  so  as  to  be  as  permanent  as  possible,  and  angles  are  turned  from 
this  to  other  points,  so  as  to  check  any  movement  in  it.  Generally  there  are 
a  number  oi  tall  chimneys,  church  spires,  etc.  to  be  found.  While  this  is 
preferable  to  the  first,  it  gives  no  method  of  check  in  underground  work, 
and  is  seldom  used. 

Third.— The  magnetic  meridian  is  taken  as  the  base  line.  The  transit  is 
set  up  over  a  plug,  as  just  noted,  and  the  subsequent  work  is  as  described 
under  running  continuous  vernier.  As  the  needle  is  subject  to  constant 
variation,  this  base  line  will  aflEbrd  a  check  underground  only  for  a  short 
time  after  the  meridian  is  established,  and  all  subsequent  work  can  be 
checked  only  by  applying  the  diflference  between  the  variation  at  the  time 
of  establishment,  and  at  the  time  of  making  the  survey.  If  the  time  of 
establishing  the  survey  should  be  lost,  the  base  line  would  become  no  better 
than  that  noted  in  Case  2. 

^ur^A.— The  true  meridian  is  taken  as  a  bas6.  The  true  north  and  south 
line  may  be  determined  by  observing  the  North  Star,  Polaris,  or  by  observing 
the  sun.  The  North  Star  does  not  lie  exactly  at  the  North  Pole,  but  revolves 
about  it  in  a  small  circle.  There  are  two  times  in  a  day  when  it  is  exactly 
above  or  below  the  pole,  and  we  take  our  sight  at  one  of  these  times,  when 
our  trani^ts  do  not  have  their  graduated  limbs  made  accurately  enough  to 
apply  the  proper  angle  for  a  sight  at  any  other  time.  If  we  do  not  know  the 
time  when  the  star  is  crossing  the  meridian,  we  can  find  it  by  rememberinsr 
that  the  third  star  in  the  handle  of  the  "dipper"  is  in  the  same  verticcu 

plane  with  the  north  star  17  minutes  before  the  latter 
^•iarit  ^  crosses  the  meridian. 

<|fc^  ^^-^         The  true  meridian  will  give  us  an  invariaUe  base 

\         T""  ^^®*    -A-t  any  date  after  the  establishment  of  the  same, 

we  can  check  the  work  above  or  below  ground  by 
applying  the  variation  of  the  needle. 

TO  Find  tlie  True  North  by  an  Observttion  of  the  North 
Star,  Polaris,  at  EJonMtion.— This  star  has  a  motion 
around  a  small  circle,  the  azimuth  angle  of  which 
from  the  north  is  known  for  different  latitudes.  The 
star  may  be  readily  found  by  following  the  line  of  the 
so-called  pointers  in  the  JBig  Bear,  or  Dipper.  The 
time  of  the  greatest  eastern  or  western  elongation  is 
found  from  a  table.  Some  10  minutes  beforemis  time 
irk*  **^®  transit  is  careftilly  set  up  and  leveled  over  a  peg. 

Xf  server    The  cross-wires  are  made  to  bisect  the  star;  they  are 
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nitiminated  by  a  light  held  under  the  reflector  fast^ied  on  the  object 
end  of  the  teie8coi)e.  The  star  is  followed  with  the  cross-wires  until  its 
motion  toward  the  point  of  its  sreatest  elongation  ceases.  The  telescope  is 
lowered  vertically,  care  being  taken,  of  course,  not  to  move  it  horizontally, 
and  a  peg  is  set  up  on  the  line,  sav  300  ft.  or  400  ft.  distant.  The  next  morn- 
ing the  correction  is  made  for  the  star's  azimuth.  These  corrections  are 
different  for  different  latitudes  and  different  years.  They  are  to  be  found  in 
the  nautical  almanac 

The  method  "  by  equtl  shtdows "  may  be  used  with  considerable  accu- 
racy, if  we  take  a  sufficiently  long  staff,  or  can  obtain  the  diadows  of  a 
tall  spire  on  a  level  surfieice.  A  vertical  staff  casts  equal  shadows  at  the 
same  time  before  and  after  noon.  If  we  drive  a  stake  at  any  time  before 
noon,  in  the  extremity  of  the  shadow  cast  by  such  a  staff,  and  measure 
its  distance  fix>m  the  staff,  we  have 
one  lee  of  an  angle.  After  noon  we 
wait  till  the  shadow  becomes  exactly 
as  long  as  the  distance  measured,  and 
drive  a  stake  at  the  extremity  of  the 
shadow.  A  line  bisecting  the  angle 
made  bv  lines  drawn  firom  these  two 
stakes  to  the  staff  will  be  in  the 
meridian. 

Establishing  t  Meriditn  Line  With  the 
Solsr  Mtichment.— The  angle  fi*om 
the  equator  to  the  horizon  of  a  place 
\RlX»UiMtude:  consequently,  from  the 
zenith  to  the  pole  is  the  cokUitude^ 
or  90°  —  iatituae.  The  angular  dis- 
tance from  the  equator  to  the  sun  is 
the  dedinaUon;  consequently,  from 
the  sun  to  the  pole  is  the  potor  di«-  ..,  ,^_± 
tarux.  The  angalar  distance  from  ^  a»^' 
the  horizon  to  the  sun  is  the  sun's 

cUHtude;  consequentlv,  the  zenith  distance  is  the  angular  distance  between 
the  sun  and  the  zenitn. 

Adjustments  of  Burt's  Solar  Attachment.— After  the  instrument  has  been 
carefully  leveled,  the  zero  of  the  vernier  of  the  solar  is  placed  opposite  the 
zero  of  the  arc.  The  horizontal  plates  of  the  instrument  are  clamped,  and 
the  sun's  image  brought  between  the  horizontal  lines  of  either  silver  plate 
by  any  manipulation  of  the  instrument  and  attachment  possible  keeping 
the  plates  horizontal  and  the  zero  of  the  vernier  opposite  the  zero  on  the  arc. 
When  the  image  is  accurately  between  the  horizontal  lines,  the  arc  is 
revolved  so  that  the  image  falls  on  the  other  plate;  this  must  be  done 
rapidly,  as  the  sun's  image  moves.  If  it  does  not  rail  between  the  lines,  half 
the  error  is  corrected  by  the  tangent  screw  of  the  solar  and  half  by  the 
tangent  screw  of  the  telescope.  The  operation  is  repeated  until  the  sun's 
image  falls  between  the  lines  of  the  second  plate,  after  a  revolution  of  the 
arc,  it  having  been  made  to  £el11  between  the  lines  of  the  first,  as  described. 
Near  noon  is  a  good  time  to  make  this  adjustment,  as  the  sun's  apparent 
motion  is  not  so  rapid.  The  zero  of  the  vernier  is  now  brought  opposite  to 
the  zero  of  the  arc  by  loosening  the  screws  that  fasten  the  vernier,  and 
sliding  it  as  may  be  necessary.  It  is  often  difficult  to  make  the  zeros  come 
exactly  opx)Oslte  each  other,  as  the  vernier  plate  is  apt  to  move  slightiy 
when  the  screws  are  tightened  again.  The  second  adjustment  is  to  make 
the  tops  of  the  rectangular  blocks  of  the  solar  attachment  level,  when  the 
telescope  is  level  and  the  arc  of  the  solar  is  set  at  zero.  Level  the  transit 
carefully,  as  before  described,  set  the  solar  at  zero  and  place  the  level, 
furnished  with  the  solar,  across  the  tops  of  the  blocks.  If  the  bubble  comes 
to  the  center  of  the  tube,  no  correction  is  needed;  if  it  does  not,  correct  the 
error  by  turning  the  screws  under  the  hour  circle,  care  being  taken  in  this 
as  in  all  other  movements  of  these  adjusting  screws,  to  leave  them  tight  after 
the  correction.  Revolve  180°  and  correct  again  if  necessary.  Placing  the 
blocks  90°  horizontally  ftom  their  first  position,  go  through  the  same 
operation  as  described  until  in  all  positions  the  bubble  remains  centered. 

To  Use  the  Solar.— Before  this  instrument  can  be  used  at  any  given  place, 
it  is  necessary  to  set  off  upon  its  arcs  lx>th  the  declination  of  the  sun,  as 
affected  by  its  refraction  for  the  given  day  and  hour,  and  the  latitude  of  the 
place  where  the  observation  is  made. 


r 
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The  declination  of  the  son  as  given  in  the  ephemeris  of  the  nautical 
almanac  ftom  year  to  year,  is  calculated  for  apparent  noon  at  Greenwich. 
England.  To  determine  it  for  any  other  hour  at  a  place  in  the  United 
States,  reference  must  be  had,  not  only  to  the  difference  of  time  arising 
from  the  difference  of  longitude,  but  also  to  the  change  of  declination 
during  that  time. 

The  longitude  of  the  place,  and  therefore  its  difference  in  time,  if  not  given 
directly  in  the  tables  of  the  almanac,  can  be  ascertained  very  nearly  by 
reference  to  that  of  other  places  given  which  are  situated  on,  or  very  nearly 
on,  the  same  meridian. 

It  is  the  practice  of  surveyors  in  states  east  of  the  Mississippi  to  allow  a 
difference  of  6  hours  for  the  difference  in  longitude,  calling  tae  declination 
given  in  the  almanac  for  12  m.  that  of  6  a.m.  at  the  i^ace  of  observation. 
Beyond  the  meridian  of  Santa  F6,  the  allowance  would  be  about  7  hours; 
and  in  California.  Or^;on,  and  Washington,  about  8  hours.  Having  thus 
l^e  difference  of  time,  we  very  readily  obtain  the  declination  for  a  certain 
hour  in  the  morning,  which  would  be  earlier  or  later  as  the  longitude  was 
greater  or  less,  and  tne  same  as  that  of  apparent  noon  at  Oreenmch  on  l^e 
given  day.  Thus,  suppose  the  observation  made  at  a  place  5  hours  later  than 
Greenwich,  then  the  aeclination  given  in  the  almanac  for  the  given  day  at 
noon,  affected  by  the  refraction,  would  be  the  declination  at  (he  place  of 
observation  for  7  a.m.    This  give  us  the  starting  point. 

To  obtain  the  declination  for  the  other  hours  of  the  day,  take  from  the 
almanac  the  declination  for  apparent  noon  of  the  given  day,  and,  as  the 
declination  is  increasing  or  decreasing,  add  to,  or  subtract  from,  the  decli- 
nation of  the  first  hour  the  difference  of  one  hour  as  given  in  the  ephemeris, 
ttiat  will  give,  when  affected  by  the  refraction,  the  declination  of  the 
succeeding  hour.  Proceed  in  like  manner  to  make  a  table  of  the  declinations 
for  every  hour  of  the  dav. 

To  Find  the  True  North  With  the  Burt  Soltr.—Find  from  an  ephemeris  or 
nautical  almanac  the  sun  declination  for  noon  of  the  day  of  observation  at 
Greenwich.  Find  the  declination  for  the  hour  of  observation  at  the  place 
of  observation  by  first  figuring  what  time  it  is  at  the  place  of  observation 
when  it  is  noon  at  Greenwich.  If  the  place  of  observation  is  west  of  Green- 
wich, it  will  be  earlier  there;  if  east,  laier,  and  in  either  case  the  difference 
will  oe  one  hour  for  every  15°  of  longitude.  If  the  place  is  west,  subtract  the 
hour  just  found  as  described  from  the  hour  of  the  observation,  and  multiply 
the  hourly  difference,  also  taken  from  the  ephemeris,  by  the  remainder,  if 
the  declination  is  increasing  from  the  equator  either  north  or  south,  add 
this  product  to  it;  if  decreasing,  subtract  it.  A  table  of  refractions  is  given 
in  the  ephemeris  for  the  different  latitudes  and  the  different  hours  of  the 
day.  Tms  refraction  is  to  be  added  if  the  declination  is  north,  and 
subtracted  if  the  declination  is  south.  Having  thus  ascertained  the  declina- 
tion, lay  it  off  on  the  declination  arc.  Set  the  colatitude  of  the  place  off  on 
the  vertical  arc  after  having  leveled  the  instrument  carefully  with  clamped 
horizontal  plates  at  zero.  Always  in  solar  observations  it  is  well  to  level  by 
means  of  the  upper  telescope  bubble.  Now,  revolve  the  horizontal  plates  stUl 
clamped,  and  also  the  declination  arc,  around  its  polar  axis  until  the  sun's 
image  is  exactly  between  the  horizontal  lines  of  the  silver  plates.  When  the 
sun's  image  is  between  these  lines,  the  object  end  of  the  telescope  will  be 
ix>inting  north. 

To  Take  the  Lttitude  With  Burt's  Solar.—A  few  minutes  before  apparent 
noon  clamp  the  plates  at  zero,  level  the  instrument  carefully,  and  set  the 
zero  of  the  vernier  opposite  the  zero  of  the  vertical  arc.  Lay  off  the  declina- 
tion, corrected  for  noon  at  the  place  of  observation  and  for  refraction,  on 
the  declination  arc,  and  set  the  time  mark  on  the  declination  arc  opposite 
XII  on  the  hour  dial.  Bring  the  sun's  image  between  the  horizontu  lines 
of  the  silver  plate  by  moving  the  plates  horizontally  and  the  telescope 
vertically,  clamp  both  plates  and  telescope  and  follow  with  the  tangent 
movements  the  rising  sun.  Be  careful  to  stop  when  the  sun  ceases  to  mount. 
For  a  moment  before  apparent  noon  there  is  no  perceptible  motion  of  the 
image.    The  reading  on  the  vertical  arc  is  the  colatitude  of  the  place. 

'The  colatitude  uiould  never  be  taken  this  way  for  direct-sight  calcula- 
tions, for  while  it  satisfies  the  automatic  solution  of  the  true  north,  it  may 
not  be  accurate,  and  the  latitude  needed  for  direct-sight  Cfilculation  should 
be  true  to  within  a  minute.  With  the  Burt  solar  there  is  at  times  what  is 
called  a  fialse  image  to  guard  against,  an  image  that  comes  between  the  lines 
of  the  silver  plates  when  the  object  end  of  the  telescope  is  not  pointing 
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north.  If  the  time  be  obeerved  on  the  hour  dial,  or  the  magnetio  north  be 
noticed,  no  error  need  ever  occur  on  this  score,  for  with  the  false  image  the 
time  will  be  out  considerably  and  also  the  magnetic  variation. 

Genertl  Remtrkt.— With  the  base  line  located  and  the  survey  made,  we  see, 
by  coming  back  to  the  point  from  which  we  started  or  "  closmg"  the  work, 
whether  it  be  correct  in  distance  or  angle.  If  it  be  in  error,  see  if  the  error 
can  be  located  (as  will  be  shown  under  plotting),  and  if  it  can  be  found,  run 
those  parts  over  again;  if  not.  repeat  the  whole  survey.  Shoving  the  work, 
as  it  is  called,  or  *'  doctoring  'Mt  so  that  it  will  close,  is  the  poorest  practice 
that  an  engineer  can  enjg^ge  in,  as  all  subsequent  work  that  depends  on  a 
doctored  survey  must  be  doctored  to  fit  the  faulty  work-— even  if  it  be  right 
in  itself.  Every  engineer  should  be  able  to  swear— not  that  he  "  thinks  the 
jsurvey  is  accurate,'^  but  "  that  he  knows  it  to  be  so,"  if  he  should  be  called 
as  a  witness  in  court.    One  of  the  causes  of  inaccuracy  is  haste. 

To  make  a  complete  map,  the  engineer  should  first  make  a  survey  around 
the  tract  to  be  worked,  locating  all  the  prominent  physical  features  and 
improvements.  If  he  can  do  so,  he  should  make  a  topographical  map  of  the 
tract  at  once;  but,  if  time  is  limited,  by  running  the  vertical  as  well  as  the 
horizontal  angle,  he  can  carry  the  tidal  elevation  or  the  elevation  above 
some  assumed  datum,  to  every  station,  and  mark  it  on  the  map  at  that  point. 
Then  as  he  makes  subsequent  surveys,  he  can  gradually  get  data  enough  to 
make  a  fedrly  complete  topographical  map  in  course  of  time.  Every  ledge 
of  rock  in  place  should  be  located,  and  the  amount  and  direction  of  its  dip, 
as  well  as  the  character  of  the  rock,  i^ould  be  marked  neatly  on  the  map. 
The  streams  of  water  on  the  tract  should  be  regarded  as  of  primary  impor- 
tance, and  should  be  located  with  exactness. 

With  a  true  meridian  base  line  we  can  connect  maps  made  at  different 
places  with  little  trouble.  This  is  esi)ecially  useftil  with  adjoining  mines 
connected  at  but  one  point.  Having  made  tne  survey  and  come  home,  we 
must  examine  all  the  apparatus  and  see  if  the  instruments  are  out  of  adjust- 
ment, as  such  a  fact  will  prevent  our  bothering  over  work  that  will  not 
close.  It  will  assure  us,  also,  that  we  can  start  out  at  a  moment's  notice 
with  no  thought  of  the  adjustment  of  our  tools.    A  fiEimous  wit  said  that  the 

E roper  time  to  strop  a  razor  was  just  after  you  had  used  it,  as  you  then  knew 
ow  much  it  needed  it.  The  same  will  apply  to  surveying  instruments  and 
tools— especially  for  underground  work.  Here  the  lamp  smoke,  powder 
gases,  mine  dust,  paint  smears,  acid  water  from  "droppers,"  and  the  other 
abominations  incident  to  underground  surveying,  especially  in  a  coal  mine, 
will  so  cover  the  tools  that  they  would  be  useless  if  left  uncleaned  half  a 
dozen  times.  As  soon  as  the  corps  comes  back  from  the  mine,  and  beforfe 
the  clothes  are  changed,  the  tape  must  be  stretched,  tested,  wiped,  and  oiled. 
It  can  be  inspected  to  see  if  marks  are  too  much  worn,  or  it  stands  in  need  of 
mending,  the  marking  pot  is  cleared  of  "muck,"  and  fresh  white  paint  is 
mixed,  if  the  corps  is  going  out  in  24  hours;  the  plummets  will  have  their 
strings  overhauled  and  freed  from  knots;  hatchets  will  be  sharpened,  and 
axes  ground,  pouches  overhauled,  and  a  supply  of  tacks  or  "  spads  "  taken. 
Then  the  transitman  changes  his  clothes  and.  sets  up  the  transit,  wipes  it 
with  a  cloth  wet  with  alcohol,  so  as  to  remove  dirt,  oil,  and  paint.  If  water 
has  gotten  between  the  graduated  limb  and  compass  box,  the  verniers  must 
be  uncovered  and  the  whole  wiped  dry.  If  the  sulphureted  hydrogen  from 
the  powder  smoke  has  tamishea  the  silver  surfaces  of  any  of  the  graduated 
circles,  it  must  be  removed  with  whiting.  Alcohol  should  be  always  used 
instead  of  water,  as  it  will  quickly  evaporate  and  leave  the  parts  dry.  I'he 
telescope  glasses  are  then  wiped  with  soft  chamois  leather,  and  the  instru- 
ment is  tested  for  want  of  adjustment  before  putting  it  away  in  its  box. 
When  going  to  and  from  work,  the  transit  should  not  be  carried  on  the 
transit  head,  or  the  spindle  will  become  sprung.  Nor  should  it  be  carried 
with  the  arm  crooked  under  the  telescope,  as  the  weight  comes  on  the  axis, 
and  that  soon  gets  sprung  so  that  all  the  adjusting  in  the  world  will  not 
make  it  work  right.  When  carried  in  the  hand,  it  snould  be  reversed  and 
the  hand  slipped  under  the  compass  plate  and  brought  over  so  as  to  clamp 
both  plates,  in  this  way  there  will  be  no  strain  on  any  part.  In  case  of  a 
"fall  in  the  mine,  remember  that  the  transit  is  the  baby  to  be  protected, 
and  stand  a  few  bumps  to  save  a  strained  or  broken  instrument,  that  will 
end  the  work  fdr  some  time. 

Plotting.— A  "plot"  is  not  only  a  piece  of  ground  with  bodies  of  water, 
roadb,  vegetation,  etc.  upon  it,  but  refers  also  to  the  map  of  the  same  drawn 
to  a  glren  scale,  and  showing  all  of  the  above  natural  features.    Ftotting  is 
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the  tn^Wtig  of  sach  a  map  ftom  notes  of  a  nmreYt  i^i^  xntJ  o'  maj  not 
require  the  permanent  placing  of  the  ftations  on  the  map,  by  which  the 
survey  is  maae.  In  underground  work,  the  exact  location  uid  the  retention 
of  those  stations  is  a  matter  of  the  first  importance,  and  is  secondary  only  to 
the  exact  plotting  of  the  side  notes.  The  scale  of  the  plot  is  generally 
as  large  as  will  show  the  points  of  interest  in  the  property;  but  in 
Pennsylvuiia,  the  maps  for  coal  mines  must  be  drawn  to  a  scale  of  100  ft.  to 
an  inch.  There  are  two  methods  of  plotting:  by  protractor,  and  by 
coordinates.  When  the  scale  is  sufficiently  large,  it  is  a  matter  of  little  choice 
which  method  is  used,  if  the  work  be  carefully  done  with  exact  instruments; 
but  with  small  scales— 100  ft.  or  above,  to  the  inch— we  should  use  the 
method  by  coordinates.  With  the  latter  scale,  the  prick  of  a  pin  on  the 
paper  will  represent  a  foot  square,  or  a  circle  slightly  larger  than  a  foot 
m  diameter.  If  the  next  station  is  to  be  located  tram  the  pin  prick  of  the 
first,  and  that  is  exactly  located,  we  may  not  hit  the  exact  center  of  that 
small  indentation.  In  fiict,  the  chances  are  greatly  against  our  doing  so, 
and  the  location  of  the  second  station  will  probablv  be  in  error.  If  we  have 
a  bad  habit  of  placing  the  protractor  or  the  straightedge  against  one  side  of 
the  pin  pricks,  or  pencil  marks,  when  the  scale  is  large,  we  shall  constantly 
be  introducing  a  ^'  personal  error,"  as  it  is  called,  and  the  sum  of  all  the 
errors  made  at  each  of  100  stations  will  bring  our  final  point  very  much  out 
of  the  way.  On  this  account,  and  fi»m  the  fiict  that  no  protractor  that  is 
movable  can  be  used  without  the  chances  of  slipping  while  the  angle  is  read 
or  marked,  has  led  all  careftil  engineers  to  abandon  its  use  in  favor  of  the 
method  by  coordinates.  When  tne  scale  is  from  l  to  25  ft.  to  an  inch^  the 
errors  are  small  enough  to  make  little  chances  of  variation  in  a  close  of  ten 
or  twelve  stations;  wnen  the  survey  is  of  short  sights  from  a  main  line  to 
points  where  no  flirther  work  is  to  be  done,  the  protractor  will  aflfbrd  a  quick 
method  of  plotting. 

There  is  a  chance  of  error  in  both  methods  that  must  be  noted  here,  where 
the  survey  is  not  completed  at  one  time.  If  the  map  be  made  in  a  day  or 
two,  and  will  never  be  extended  by  subsequent  work,  there  will  be  no 
chance  of  error  frx)m  a  change  in  the  paper  on  which  it  is  made,  due  to 
moisture  or  dryness;  but  if  the  map  be  maae  on  a  series  of  very  damp  days, 
or  a  series  of  very  dry  ones,  a  change  in  the  weather  to  the  other  extreme 
will  swell  or  shrmk  the  map.  The  general  tendency  in  a  large  mine  map 
that  is  frequently  used,  and  is  rolled  and  unrolled  every  day  for  five  or  six 
years,  is  to  stretching,  so  that  there  will  be  a  variation  of  from  1  to  5  ft.  in 
LOOO.  If  we  extend  a  recent  survey  on  such  a  map,  we  are  plotting  it  to  a 
different  scale  to  that  assumed  by  the  map  under  the  conditions  above 
noted.  The  paper  on  which  the  map  is  to  be  drawn  should  be  tacked  down 
to  the  table  or  board,  and  should  be  covered  with  squares  each  exactly  10  in. 
square.  The  sides  of  these  squares  should  be  the  meridians,  or  north  or  south 
lines,  and  the  tops  and  bottoms  should  run  due  east  and  west  Mark  the  flnt 
station  on  the  paper,  set  your  parallel  ruler  or  T  sauare  on  the  meridian  nearest 
it,  and  with  the  protractor  produce  the  course  to  tne  next  station.  Measure  the 
distance  with  a  scale,  and  proceed  in  this  manner  to  plot  all  the  courses,  using 
each  time  the  meridian  nearest  the  station  the  course  is  taken  from.  After  idl 
the  stations  have  been  plotted,  fill  in  the  side  notes,  marking  everything  on 
the  map  with  great  care  and  neatness.  Always  use  the  horizontal  distances. 
All  surveys  should  be  traversed,  and  all  plotting  should  be  either  checked 
by  the  traversing,  or  the  principal  stations  should  be  plotted  by  use  of  the 
traverse.  For  a  large  mine  map  that  will  be  in  use  many  years,  muslin- 
backed  egg-shell  paper  must  be  used.  It  comes  in  a  long  roll,  and  any 
reasonable  length,  and  a  width  up  to  6  ft.  can  be  obtfdned. 

To  Ciloulate  tho  Vertical  OUtances.— When  making  the  survey,  read  the 
vertical  angles  to  all  stations.  If  the  angle  is  one  of  depression,  note  it  with 
a  minus  sl^  (— )  preceding  it.  If  it  is  an  angle  of  elevation,  precede  it  with 
a  plus  sign  (+).  These  will  show  whether  the  vertical  distance  is  to  be 
added  to,  or  subtracted  from,  the  height  of  the  preceding  station. 

Having  the  horizontal  diertance  and  the  vertical  angle: 

Distance  X  tangent  of  vertical  angle  »  vertical  dmance. 

Having  the  pitch  distance  and  vertical  angle: 

Distance  X  sine  of  vertical  angle  =  verticiu  distance. 

To  Ciloslite  the  Horlzontst  Oisttnoe,  or  Latitade.— Pitch  distance  X  cosine 
of  vertical  angle  »  horizontal  distance. 

Vertical  height,or  departure  -i-  tang.of  vertical  angle  =  horizontal  distance. 
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To  CilcHlite  the  PItoh  Diitino«.— Horieoiital  distance  -h  cosine  of  bearing, 
or  multiplied  by  secant  of  bearing  =  pitch  distance. 

Vertical  distiance  +  sine  of  vertical  angle,  or  multiplied  by  cosecant  of 
bearing  =  pitch  distance. 

To  Cilculsto  the  Vertioti  Angle.— The  horizontal  distance  -i-  the  pitch 
distance  =  cosine  of  vertical  angle. 

Vertical  distance  +  pitch  distance  =  sine  of  vertical  angle. 

Vertical  distance  -$-  horizontal  distance  =  tangent  of  vertical  angle. 

Note.— Whenever  sineis,  cosines,  tangents,  etc.  are  here  named,  they  mean 
the  natural  sines,  etc.  of  the  angle. 

Plotting  by  Coordlnttet.— In  describing  the  establishment  of  a  meridian 
and  a  fixed  point,  we  made  the  latter  a  stone  post,  or  iron  plug  sunk  in  solid 
rock.  This  point  is  called  the  origin  qf  coordinates.  We  have  the  principal 
meridian  passing  through  this  point  in  an  exact  north  and  south  direction, 
and  a  secondarv  meridian  or  base  line  pasting  through  this  point  at  right 
angles  to  the  first,  or  in  an  exact  east  and  west  line.  Any  point  we  may 
select  on  the  map  will  be  a  certain  distance  north  or  south,  and  east  or  west  of 
the  origin.  The  lines  drawn  from  this  point  at  right  angles  to  the  two  base 
lines  Just  given  are  called  the  coordinates  qf  that  pointy  and  we  can  plot  the 
point  when  they  are  given.  For  example,  the  coordinates  of  Station  24  are 
North  345.67,  and  East  890.12.  We  measure  890.12  ft.  east  of  the  origin  on  the 
secondary  meridian  and,  from  this  point,  measure  345.67  ft.  north  to  the  point 
desired;  or  we  can  measure  first  on  the  primary  meridian  to  the  north  and 
then  turn  off  a  right  angle  to  the  east  and  reach  the  same  point.  In  any 
event  we  plot  the  position  of  each  station  independently  of  all  the  others, 
and  anv  error  in  locating  one  is  not  carried  to  the  next.  When  two  stations 
are  plotted,  the  distance  between  them  on  the  map  should  be  exactly  what 
we  found  for  their  horizontal  distance  on  the  ground.  This  check  shows 
whether  our  plotting  is  correct.  This  is  also  called  traversing  a  survey  if  the 
meridian  be  north  and  south,  and  in  books  on  surveying  there  are  printed 
traverse  tables,  which  are  accurate  within  certain  limits,  but  not  so  accurate 
as  the  tables  of  coordinates  published  separately,  as  the  latter  are  carried  to  a 
greater  number  of  decimals.  Ourdon's  Traverse  Tables  will  enable  you  to 
find,  without  calculation,  the  coordinates  for  a  distance  of  12  miles  with  a 
chance  of  error  of  only  half  an  inch,  which  is  much-more  accurate  than  the 
graduation  of  the  instruments  with  which  the  work  was  done. 

With  a  north  and  south  meridian,  the  point  fh)m  which  we  begin  to 
measure  angles— the  zero  points-is  the  north  point,  and  the  angles  are  read 
for  continuous  vernier  in  the  direction  of  the  hands  of  a  watch.  The  sines 
of  angles  are  eastings  and  westings,  and  the  cosines  are  northings  and 
southmgs. 

To  Tri¥orse  t  Survey.— To  traverse  a  survey,  means  to  determine  bv  calcu- 
lation how  far  north  or  south  and  east  or  west  any  station  may  be  fh>m 
another,  the  location  of  which  is  fixed.  To  do  this,  all  distances  must  be 
either  measured  horizontally,  or  calculated  to  horizontal  distances.  The 
horizontal  angles,  or  courses,  must  be  either  read  as  quadrant  courses,  or 
reduced  from  azimuth  to  quadrant  courses.  An  azimuth  course  is  one  that 
is  read  on  the  transit  whicn  is  graduated  firom  QP  to  360°.  A  quadrant  course 
is  one  read  in  the  quadrant  of  the  circle,  as  S  67°  W,  N  43°  E.  etc. 

Latitude  means  distance  north  or  south,  and  is  determined  bv  the  first 
initial  of  the  recorded  course.  Thus,  if  a  course  is  8  67°  W,  the  latitude  is 
south;  if  N  43P  £,  the  latitude  is  north. 

Departure  means  distance  east  or  west,  and  is  determined  by  the  last 
initial  of  the  recorded  course.  Thus,  if  a  course  is  S  67°  W,  the  departure  is 
west:  if  N  4^  E,  the  departure  is  east. 

Tne  latitude     =  distance  X  cosine  of  bearing. 

The  departure  =»  distance  X  sine  of  bearing. 

If  the  survey  is  a  continuous  one  around  a  tract,  and  ending  at  the 

Slace  of  beginning,  the  sum  of  the  northiues  should  equal  the  sum  of 
tie  southings,  and  the  sum  of  the  eastings  should  equal  the  sum  of  the 
westings.  Or,  in  other  words,  the  sum  of  all  the  latitudes  north,  should 
equal  me  sum  of  all  the  latitudes  south;  and  the  sum  of  all  the  departures 
east,  should  equal  the  sum  of  all  the  departures  west.  It  is  evident  that  by 
coming  back  to  the  place  of  beginning  the  surveyor  has  traveled  the  same 
distance  north  as  he  has  south,  and  the  same  distance  east  as  he  has  west. 
The  most  accurate  way  to  construct  a  map  is  to  traverse  the  survey  and 
place  all  stations  on  It  by  the  traversed  distances,  or  to  at  least  put  a 
number  of  the  principal  stations  on  the  map  by  the  traversed  distances,  and 


^ 


r 


52 


TRANSIT  8VRVEYINQ. 


use  the  protractor  to  plot  only  the  intermediate  stations.  As  the  origin  of 
the  survey  is  at  the  nxed  point  just  mentioned,  we  must  make  a  roueh 
pencil  sketch  to.  find  the  approximate  location  of  this  point  fh>m  the 
boundaries  of  the  property,  and  the  general  trend  of  the  property  itself. 
This  will  show  us  the  place  to  put  the  origin  upon  the  paper  so  that  all  of 
the  property  can  be  placed  on  the  map,  and  leave  about  the  same  amount  of 
margin  on  all  sides.  It  will  also  show  us  the  direction  the/iorth  and  south 
line  must  take  on  the  paper.  When  this  is  settled,  mark  the  origin  by  a  needle 
point,  and  lay  the  straightedge  across  it  in  the  direction  to  be  taken  by  the 
principal  meridian,  and  draw  the  meridian  with  a  quite  hard  pencil 
Drought  to  a  very  fine  point.  Then  lay  off  on  both  sides  of  the  origin 
distances  of  5  in.,  and  mark  them  with  needle  points.  These  must  be  so 
accurately  located  that  there  will  not  be  an  error  of  one  hundredth  of  an 
inch  in  them,  or  one  foot  in  five  hundred.  At  the  point  where  we  can  get 
the  longest  line  on  the  paper  at  right  angles  to  the  principal  meridian,  lay 
off  points  for  a  right  angle  accurately  on  each  side  of  the  meridian,  and 
draw  through  the  three  points,  by  means  of  the  straightedge,  a  line  ptuallel 
to  the  secondary  meridian  and  divide  this  accurately  into  f/'  distances  as 
before.  Through  each  of  the  points  thus  marked,  draw  lines  at  right  angles 
to  the  lines  alr^idy  drawn,  until  the  paper  is  accurately  divided  into  squares 
5  in.  on  a  side,  and  none  of  them  vtrith  an  error  of  one  five-hundredth. 
Beginning  with  the  origin,  mark  the  extremities  of  the  lines  nassing  through 
it  zero.  All  distances  to  the  east  or  upon  the  right  side  oi  the  north  and 
south  zero  line  are  marked  +  with  respect  to  that  line;  those  to  the  left  are 
marked  — .  All  distances  above  the  east  and  west  zero  line  are  marked  + 
with  respect  to  that  line,  and  all  distances  below  it  — .  If  the  coordinates  of 
a  point  are  N  234,  and  E  2,468.78,  we  need  not  measure  the  whole  east 
distance  flrom  the  origin,  but  start  from  the  north  and  south  line  marked 
+  20.  With  6"  squares,  a  &'  scale  vrill  be  sufficiently  long  for  plotting.  To 
illustrate  plotting  by  use  of  the  traversed  distances,  we  will  use  the  following 
example: 


Stations. 

Quadrant 
Ck)urses. 

• 
Distances. 

• 

Latitudes. 

Departures. 

Totals. 

N 

8 

E 

W 

N 

221 
236 
115 

S 
178 

E 

156 
288 
469 
269 

W 

1-2 
2-3 
8-4 
4-6 

N860E 

N830  3(KE 

8  570E 

s  340  ly  W 

270 
129 
222 
355 

221 
15 

121 
2»3 

155 
128 
186 

200 

236 

414 

469 

200 

The  foregoing  table,  calculated  according  to  formula  for  latitudes  and 
departures,  shows  that  Station  2  is  221  ft.  north  and  156  ft.  east  of  Station  1; 
and  that  Station  5  is  178  ft.  south  and  269  ft.  east  of  Station  1. 

These  stations,  or  Stations  3  and  4,  or  all,  may  be  placed  on  the  map  by 
simply  making  the  two  measurements  for  each  station. 

To  Find  the  Aret  of  t  Traot  of  Lsnd.— If  a  regular  polvgon,  find  the  area 
by  the  rule  given  under  the  head  of  "Mensuration"  ror  polysons  of  the 
same  number  of  sides.  If  an  irregular  polygon,  divide  it  into  Uiangles  and 
(^culate  the  area  of  each  triangle:  the  sum  of  these  areas  vdU  be  the  area  of 
the  tract.  If  the  tract  is  an  irregular  polygon  in  shape,  the  map  should  be 
made  on  as  large  a  scale  as  posable,  and  the  distances  should  be  measured 
with  the  greatest  care,  owing  to  liability  to  error  through  very  slight  inac- 
curacies of  measurement. 

To  Find  the  Contents  of  s  Seam  of  Cot!  Under  t  Trtot— If  the  seam  lies  fiat, 
multiply  the  area  of  the  tract  in  square  feet  by  the  ^ckness  of  the  seam  in 
feet.  Tne  product  will  be  the  cubical  contents  of  the  seam  in  feet.  If  the 
seam  is  an  inclined  one,  find  its  area  by  measurinfl"  the  width  of  the  tract  on 
its  line  of  pitch,  and  find  the  distance  on  the  pitch  of  the  seam  by  dividing 
the  horizontal  distance  measured  by  the  cosine  of  the  ansle  of  inclination. 
This  will  give  you  the  pitch  distance.  Multiply  the  piten  distance  bv  the 
length  of  the  tract,  and  you  will  have  the  area  of  the  seam.  This  multiplied 
by  its  thickness  will  give  the  contents. 

m  «  ^e^  \        cubic  contents  in  feet  X  Sp.  Gr.  X  62.5 
Tons  of  coal  -  2  aw 
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Inttrvments.— But  two  instruments  are  used— 4he  level  and  a  leveling  rod. 
The  level  consists  of  a  telescope  to  which  is  fitted,  on  the  under  side,  a  long 
level  tube.  The  telescope  rests  in  a  Y  at  each  end  of  a  revolving  bar,  which  is 
attached  to  a  tripod  head  very  similar  to  that  used  for  a  transit.  The 
telescope  is  similar  to  the  telescope  of  a  transit.  The  leveling  rod  is 
merely  a  straight  bar  of  wood,  6  ft.  or  more  in  length,  divided  into  feet  and 
tenths  of  a  foot.  A  target  divided  into  four  equal  parts  by  two  lines,  one 
parallel  with  the  stafif,  and  the  other  at  right  angles  to  it,  and  painted  red 
and  white,  so  as  to  make  it  prominent  at  a  distance,  slides  on  the  rod  and  is 
provided  with  a  clamp  screw.  The  center  of  the  tarset  is  cut  out  and  a 
vernier,  graduated  decimally,  is  set  in,  which  enables  the  rodman  to  read  as 
close  as  ^^  of  a  foot. 

If  a  long  rod  is  required,  it  is  made  of  two  sliding  bars,  which,  when 
closed,  are  similar  to  a  single  rod,  as  described  above.  When  used  at  pointe 
where  it  is  necessary  to  wove  tne  target  to  a  greater  height  than  6  or  6i'ft., 
the  target  is  clamped  at  the  highest  graduation  on  the  front  of  the  rod,  and 
the  rod  is  extended  by  pushing  up  the  back  part,  which  carries  the  target 
with  it.  The  readings,  in  this  case,  are  made  either  from  the  vernier  on  a 
graduated  side,  or  a  vernier  on  the  back.  The  rodman  must  always  hold  his 
rod  perfectly  plumb  or  perpendicular. 

To  Adjust  the  Level.— The  proper  care  and  adjustment  of  the  level  is  of  great 
importance.  A  very  slight  error  in  adjustment  will  completely  destroy  the 
utility  of  any  work  done. 

To  Adjust  the  Line  of  Colllmition.— Set  the  tripod  firmly,  remove  the  V  pins 
fh>m  the  clii)s,  so  as  to  allow  the  telescope  to  turn  freely,  clamp  the  instru- 
ment to  the  tripod  head,  and,  by  the  leveling  and  tangent  screws,  bring 
either  of  the  wires  \ipon  a  clearly  marked  edge  of  some  object,  distant  from 
100  ft.  to  500  ft. 

Then  with  the  hand,  carefhlly  turn  the  telescope  half  way  around,  so  that 
the  same  wire  is  compared  with  the  object  assumed. 

Should  it  be  found  above  or  below,  bring  it  half  way  back  by  moving  the 
capstan-headed  screws  at  right  aneles  to  it,  remembering  always  the  invert- 
ing property  of  the  eyepiece;  now  bring  the  wire  again  upon  the  object,  and 
repeat  the  first  operation  until  it  will  reverse  correctly.  Proceed  in  the 
same  manner  with  the  other  wire  until  the  adjustment  is  completed. 
Should  both  wires  be  much  out,  it  will  be  well  to  bring  them  nearly  correct 
before  eiUier  is  entirely  adjusted. 

To  Adjust  the  Level  Bubble. — Clamp  the  Instrument  over  either  x>air  of 
leveling  screws,  and  bring  the  bubble  into  the  center  of  the  tube. 

Now  turn  the  telescope  in  the  wyes,  so  as  to  bring  the  level  tube  on  either 
side  of  the  center  of  the  bar.  Should  the  bubble  run  to  the  end,  it  would 
show  that  the  vertical  plane,  passing  through  the  center  of  the  bubble,  was 
not  parallel  to  that  drawn  through  the  axis  of  the  telescope  rings.  To 
rectify  the  error,  bring  it  by  estimation  half  way  back,  with  the  capstan- 
headed  screws,  which  are  set  in  either  side  of  the  level  holder,  placed 
usually  at  the  object  end  of  the  tube.  Again  bring  the  level  tube  over  the 
center  of  the  bar.  and  adjust  the  bubble  in  the  center,  turn  the  level  to 
either  ride,  and,  if  necessary,  repeat  the  correction  until  the  bubble  will 
keep  its  position,  when  the  tube  is  turned  half  an  inch  or  more  to  either  side 
of  tne  center  of  the  bar.  The  necessity  for  this  operation  arises  ftx)m  the  * 
fact  that  when  the  telescoi>e  is  reversed,  end  for  end,  in  the  wyes  in  the 
other  and  principal  adjustment  of  the  bubble,  we  are  not  certain  of  placing 
the  level  tube  in  the  same  vertical  plane,  and,  therefore,  it  would  be  almost 
impossible  to  effect  the  adjustment  without  a  lateral  correction. 

Having  now,  in  a  great  measure,  removed  the  preparatory  diflBculties,  we 

Sroceed  to  make  the  level  tube  parallel  with  the  bearings  of  the  Y  rines.  To 
o  this,  bring  the  bubble  into  the  center  with  the  leveling  screws,  and  then, 
Mrithout  jarnng  the  instrument,  take  the  telescope  out  of  the  wyes  and 
reverse  it  end  for  end.  Should  the  bubble  run  to  either  end,  lower  that  end, 
or,  what  is  equivalent,  raise  the  other  by  turning  the  small  adjusting  nuts, 
on  one  end  of  the  level,  until,  by  estimation,  half  the  correction  is  made: 
again  bring  the  bubble  into  the  center  and  repeat  the  whole  operation,  until 
the  reversion  can  be  made  without  causing  any  change  in  tne  bubble.  It 
would  be  well  to  test  the  lateral  adjustment,  and  make  such  correction  as 
may  be  necessary  in  that,  before  the  horizontal  adjustment  is  entirely 
completed. 
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To  Adiott  thf  Wvet.— Haying  effected  the  preTious  adjustments,  it  remains 
now  to  describe  that  of  the  wyes,  or,  more  precisely,  that  which  brings  the 
level  into  a  position  at  right  angles  to  the  yertical  axis,  so  that  the  bubble 
will  remain  in  the  center  during  an  entire  revolution  of  the  instrument. 
To  do  this,  bring  the  level  tube  directly  over  the  center  of  the  bar,  and  clamp 
the  telescope  tirmly  in  the  wyes,  placing  it  as  before,  over  two  of  the  leveling 
screws,  unclamp  the  socket,  level  the  bubble,  and  turn  the  instrument  half 
way  around,  so  that  the  level  bar  may  occupy  the  same  position  with  respect 
to  the  leveling  screws  beneath.  Should  the  Imbble  run  to  either  end,  bring 
it  half  way  back  by  the  Y  nuts  on  either  end  of  the  bar;  now  move  the 
telescope  over  the  other  set  of  leveling  screws,  bring  the  bubble  again  into 
the  center,  and  proceed  precisely  as  above  described,  changing  to  each  pair 
of  screws,  successively,  until  the  adjustment  is  very  nearly  perfected,  wnen 
it  may  be  completed  over  a  single  pur. 

The  object  of  this  approximate  adjustment  is  to  bring  the  upper  parallel 
plate  of  the  tripod  heeld  into  a  position  as  nearly  horizontal  as  possible,  in 
order  that  no  essential  error  may  arise,  in  case  the  level,  when  reversed,  is  not 
brought  precisely  to  its  former  situation.  When  the  level  has  been  thus 
completely  adjusted,  if  the  instrument  is  properly  made,  and  the  sockets  well 
fitted  to  each  other  and  the  tripod  head,  the  bubble  will  reverse  over  each 
pair  of  screws  in  any  position.  Should  the  engineer  be  unable  to  make  it 
perform  correctly,  he  should  examine  the  outside  socket  carefliUy  to  see 
that  it  sets  securely  in  the  main  socket,  and  also  notice  that  the  clamp  does 
not  bear  upon  the  ring  that  it  encircles.  When  these  are  correct,  and  the 
error  is  still  manifested,  it  will  probably  be  in  the  imperfection  of  the 
interior  spindle. 

After  the  adjustments  of  the  level  have  been  effected,  and  the  bubble 
remains  in  the  center  in  any  position  of  the  socket,  the  engineer  should 
carefully  turn  the  telescope  in  the  wyes,  and  sighting  unon  the  end  of  the 
level,  which  has  the  horizontal  adjustments  along  each  side  of  the  wye, 
make  the  tube  as  nearly  vertical  as  possible.  When  this  has  been  secured, 
he  may  observe,  through  the  telescope,  the  vertical  edge  of  a  building, 
noticing  if  the  vertical  hair  is  parallel  to  it;  if  not,  he  should  loosen  two  of 
the  cross-wire  screws  at  right  ansfles  to  each  other,  and  with  the  hand  on 
these,  turn  the  rine  inside,  until  the  hair  is  made  vertical;  the  line  of  coUi- 
mation  must  then  be  corrected  again,  and  the  adjustments  of  the  level  will 
be  complete. 

To  Usf  the  Level.— When  using  the  instrument,  the  legs  must  be  set  firmly 
into  the  ground,  and  neither  the  hands  nor  person  of  the  operator  be 
allowed  to  touch  them;  the  bubble  should  then  be  brought  over  each  pair  of 
leveling  screws  successively,  and  leveled  in  each  position,  any  correction 
being  made  in  the  adjustments  that  may  appear  necessary.  Care  should  be 
taken  to  bring  the  wires  precisely  in  focus,  and  the  object  distinctly  in  view, 
so  that  all  errors  of  parallax  may  be  avoided. 

This  error  is  seen  when  the  eye  of  an  observer  is  moved  to  either  side  of 
the  center  of  the  evepiece  of  a  telescope,  in  which  the  foci  of  the  object  and 
eyeglasses  are  not  brought  precisely  upon  the  cross-wires  and  object;  in  such 
a  case  the  wires  will  appear  to  move  over  the  surface,  and  the  observation 
will  be  liable  to  inaccuracy.  In  all  instances  the  wires  and  object  should  be 
brought  into  view  so  perfectly  that  the  spider  lines  will  appear  to  be  fJEistened 
to  the  surface,  and  will  remain  in  that  position  however  the  eye  is  moved. 
•  If  the  socket  of  the  instrument  becomes  so  firmly  set  in  the  tripod  head  as 
to  be  difficult  of  removal  in  the  ordinary  way,  the  engineer  should  place  the 
palm  of  his  hand  under  the  wye  uuts  at  each  end  of  the  bar,  and  give  a 
sudden  upward  shock  to  the  bar,  taking  care  also  to  hold  his  himds  so  as  to 
grasp  it  the  moment  it  is  free. 

Field  Work.— If  the  survey  has  been  carefUUy  made  and  vertical  angles 
taken  at  every  sight,  leveling  will  be  necessary  only  in  cases  where  extreme 
accuracy  in  regard  to  vertical  heights  is  necessary.  In  most  cases  of 
practical  work  at  collieries,  particularly  in  determining  thickness  of  strata, 
general  rise  or  fall  of  an  inside  road,  etc.,  the  elevations  calculated  by  the 
use  of  the  vertical  angle  will  be  close  enough,  but  there  are  fbeniuently 
instances  when  leveling  must  be  done  to  insure  success  in  certain  work.  In 
this  connection  it  is  well  to  state  that  if  the  transit  telescope  is  supplied 
with  a  long  level  tube,  and  it  is,  as  a  whole,  in  first-class  adjustment,  levels 
can  be  sucoessfVilly  run  with  it,  if  the  transitman  uses  due  care.  Having  his 
instrument  in  proper  adjustment  and  his  note  book  ruled,  the  levelman  ii 
ready  to  proceed  with  the  work. 
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The  rodman  holds  the  rod  on  the  starting  point,  the  elevation  of  which  it 
either  known  or  assumed.  The  levelman  sets  up  his  instrument  somewhere 
in  the  direction  in  which  he  is  going,  but  not  necessarily,  or  usually,  in  the 
precise  line.  He  then  sights  to  the  rod  and  notes  the  reading  as  a  backsight 
or  +  (plus)  sight,  entenng  it  in  the  proper  column  of  his  note  book,  and 
adding  it  to  th,e  elevation  of  the  starting  point  as  the  "  height  of  instrument" 
The  rodman  then  goes  ahead  about  the  same  distance,  sets  his  rod  on  some 
well  defined  and  solid  point,  and  the  levelman  sights  again  to  the  target, 
which  the  rodman  moves  up  or  down  the  rod  till  it  Is  exactly  bisected  by  the 
horizontal  cross-hair  in  the  telescope,  as  he  did  when  giving  the  backaght. 
This  reading  is  noted  as  a  foreaght  or  —  (minus)  sight.  The  foreaght 
subtracted  from  the  height  of  instrument  gives  the  elevation  of  the  second 
station.  The  rodman  holds  this  latter  point,  and  the  levelman  goes  ahead 
any  convenient  distance,  backsiffhts  to  the  rod.  and  proceeds  as  before.  In 
thfs  case  we  have  assumed  that  levels  are  only  being  taken  between  regular 
stations  or  two  extreme  points. 

If  a  number  of  points  in  close  proximitv  to  each  other  are  to  be  taken, 
the  rodman,  after  giving  the  backsight,  holds  his  rod  at  each  point  desired. 
The  readings  of  any  number  in  convenient  sighting  distance  are  taken  and 
recorded  as  foresights,  and  any  descriptive  notes  are  made  in  the  column  of 
remarks.  These  are  each  subtracted  from  the  height  of  instrument,  and  the 
elevation  found  is  noted  in  column  headed  elevation.  After  all  the  inter- 
mediate points  are  taken,  the  rodman  goes  ahead  to  some  well-defined  point, 
which  is  called  a  "turning  point"  (T.  P.)  in  the  notes.  The  elevation  of 
this  is  found  and  recorded.  The  rodman  remains  at  this  point  until  the 
levelman  goes  ahead,  sets  up  and  takes  a  backsight.  This  backsight  reading, 
added  to  the  elevation  of  the  turning  point,  gives  a  new  height  of  instrument 
lh>m  which  to  subtract  new  foresights,  and  thus  obtain  the  elevation  of  the 
next  set  of  points  sighted  to. 

When  running  levels  over  a  long  line,  the  levelman  should  set  frequent 
"bench  marks."  These  are  any  permanent  well-defined  marks  that  can  be 
readily  found  and  identified  at  any  future  time.  By  leveling  to  them  he  has 
secured  the  elevation  of  points  from  which  to  start  anv  subsequent  levels 
that  may  be  necessary.  A  good  bench  mark  can  always  be  made  on  the  side 
or  root  of  a  large  tree  or  stump  by  chopping  it  awav  so  as  to  leave  a  wedge- 
shaped  projection  with  the  point  up.  Dnve  a  naU  in  the  highest  point  of 
this,  to  mark  where  the  rod  was  held,  and  blaze  th&  tree  or  stump  above  the 
bench  mark.  In  this  blaze,  either  cut  or  paint  the  number  of  the  bench 
mark,  which  should,  of  course,  correspond  with  the  number  in  the  note 
book.  In  the  mines,  prominent  frt>gs  or  castings  in  the  main  roads,  if 
permanent,  make  good  bench  marks. 

Level  Notes. 


Station. 

B.S. 

F.S. 

H.  Inst. 

Elev. 

1 
2 

8.412 

4.082 
6.791 

103.412 

100. 
99.33 
96.621 

8  =  T.  P. 

4 
B.M.1 

11.698 

4.862 

9.817 
6.311 

110.248 

98.56 

100.431 
103.987 

5 

6.427 

103.821 

Remarks. 


Assumed  elevation  of  Station  1. 

Station  2  of  survey.    See  page 

Vol 

Sight  taken  to  ground  at  N.  £.  cor. 

John  Smith's  house. 
Station  3  of  survey  noted  above. 

Station  4  of  survey  noted  above. 
B.  M.  1  is  on  north  side  of  large 

white  oak. 
Station  5  of  survey  noted  above. 


In  underground  leveling,  extreme  care  must  be  observed  to  record  the 
algebraic  signs  of  the  readings,  which  show  whether  the  level  rod  was  held 
in  its  usual  position,  indicated  by  a  +  sign  or  the  absence  of  any  sign,  or 
upside  down,  indicated  by  the  —  sign. 

Proof  of  Calculations.— The  calculations  are  proven  by  adding  together 
the  backsights  and  also  the  foresights  taken  to  turning  points  and  last 
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station.   Their  difference  equals  the  difference  of  level  between  the  starting 
point  and  last  station.    Thus: 

Foresights,  Backsights. 

4.862  3.412 

6.427  11.698        ' 


11.289 


15.110 
11.289 

3.821  =  103.821  — 100.0  or  8.821. 


TRIGONOMETRIO    LEVELING. 

This  method  determines  the  difference  in  elevation  between  two  points 
fh)m  the  measurement  of  the  distance  between  the  points,  and  from  the 
vertical  angle  between  them.  Although  generally  less  accurate  than  level- 
ing with  a  Y  level,  it  is  much  more  rapid  and  is  especially  adapted  for  pre- 

uminary  work  in  a  hilly  country,  or 
for  the  leveling  of  mine  slopes  and 
pitching  rooms  where  the  Y  level  can- 
not be  used  with  any  advantage  or 
accuracy.  By  reading  the  angles  and 
by  checking  the  measurements  a  very 
high  degree  of  accuracy  can  be  ob- 
tained in  trigonometric  leveling. 

Case  1.    Assume  the  elevation  of  A 

to  be  100  ft.  A.  T.    With  the  transit  set 

up  over  A  and  properly  leveled,  sight 

to  a  point  C  on  a  rod  so  that  B  G 

equals  A  D.  Measure  the  vertical  angle 

Z  and  the  inclined  distance  D  C,  then  the  difference  in  the  elevation 

between  A  and  B  equals  B  C  =  CD  X  sin  Z,  and  the  elevation  of  B  equals 

100  +  5  C.  ' 

Case  2.  Assume  the  elevation  of 
station  A  in  the  roof  of  a  mine  to  be 
100  ft.  A.T.  Then  with  the  transit 
set  up  directly  under  A  And  properly 
leveled  sight  to  a  point  Cupon  the 
pluml>line  suspended  from  the  station 
By  measure  the  vertical  angle  X,  in- 
clined distance  D  C,  and  roof  distance 
B  C.  From  this,  the  distance  CY  = 
DCX  sin  X.  The  elevation  of  B  is 
then  found  as  follows:  The  elevation 
of  B  =  the  elevation  of  A  —  AD  + 
{DCX  sin  X)  +  BC. 

There  are  many  modifications  of 
this  simple  method,  but  from  the  above  diagrams  the  most  complex  modifi- 
cations can  be  worked  out. 

Trigonometric  Level  Notes. 


Station. 

Vertical 

Inclined 

Vertical 

Height  of 

Roof 

Eleva- 

Angle. 

Distance. 

Distance. 

Instrument. 

Distance. 

tion. 

A 

+100 

A-B 

+5° 

100 

+8.72 

Of 

3' 

109.72 

B-  C 

+2° 

100 

+3.49 

W 

2' 

112.21 

C  -D 

-3° 

100 

—5.23 

4' 

3' 

105.98 

D-E 

-40 

100 

-6.98 

2' 

V 

98.00 

UNDERGROUND   SURVEYING. 

There  are  a  number  of  variations  in  the  foregoing  practice  that  are  caused 
by  the  entirely  different  set  of  conditions  in  unaerground  work.  These  have 
been  grouped  together  for  convenience  of  reference. 


STATIONS,  57 

Tbf  Etttbllthmt nt  of  Statlt ns.— As  this  is  the  most  important  duty  of  an 
engineer  in  sur&ce  work,  so  it  takes  the  first  place  in  work  underground,  as 
the  accuracy  of  the  work  depends  on  the  location  of  the  stations,  while  its 
rapidity  depends  on  using  the  fewest  number  consistent  with  completeness. 
It  also  stands  to  reason  that  the  fewer  the  number  of  stations,  the  fewer  the 
chances  of  error.  In  underground  work,  stations  should  be  located  under 
the  conditions  of  permanence,  freedom  from  destroying  ajzendes,  and  ease  of 
access.  Temporary  stations  for  a  single  sight  need  not  flu  all  these  require- 
ments. We  establish  them  generally  In  the  roof  of  the  mine— less  frequently 
in  the  floor.  In  the  former  case  we  must  establish  a  "  center  "  before  each 
set-up  of  the  transit,  and  thus  underground  differs  fh>m  surfiice  work.  The 
first  surveys  were  made  with  lamps  set  on  the  floor,  sighted  to,  and  then  set 
over.  Permanence  was  secured  by  driving  iron  nails  or  tacks  in  the  sills  of 
the  track  or  sets  of  timber.  As  acid  water  soon  destroyed  these,  they  were 
fbllowed  by  copper  tacks  or  brads,  and  all  were  witnessed  by  notches  cut  on 
both  sides  of  the  sill,  as  in  outside  work,  and  by  a  vertical  paint  mark  on  the 
solid  wall,  with  the  number  of  the  station.  This  method  is  faulty,  as  the 
tracks  in  crooked  gangways  are  seldom  placed  where  one  can  get  the  longest 
sight,  and,  as  tiiey  are  the  traveling  ways,  the  stations  run  the  chance  of 
bSng  knocked  out  by  passing  men  or  mules,  and  the  whole  track,  on  a  curved 
incline,  is  generally  sprung  dv  every  loaded  trip.  As  the  sights  must  be  at 
long  as  carefiilness  of  Work  will  allow,  we  put  them  generally  in  the  root  as 
that  offers  the  greatest  area  for  a  choice,  and  is  not  under  foot.  Any  settiing 
of  the  roof  so  as  to  affect  the  accuracy  of  the  station  would  be  equally  effect- 
ive in  destroying  the  accuracv  of  a  station  in  the  floor.  We  therefore  choose 
places  that  will  be  least  affected  by  subsequent  work,  and  put  the  stations  in 
collara,  lids  or  wedges  of  props,  In  the  props  themselves,  when  they  have 
incline  sufficient  to  allow  the  transit  to  be  set  under  them,  or  in  the  roof 
itself.  Wherever  set,  they  should  not  project  far  from  the  surface,  and  thus 
be  liable  to  be  brushed  away  in  a  low  gangway  by  cars  with  topping  higher 
than  usual,  or  knocked  away  by  flying  irannents  from  a  shot,  if  near  the 
working  faces.  Top  stations  have  a  mark  about  them  to  call  attention  to 
their  location.  It  is  generally  a  circle,  unless  there  are  other  corps  at  work 
in  the  same  mine  that  use  the  circle,  and  the  stations  of  the  two  surveys 
would  be  confused  if  marked  alike.  In  this  case  a  corps  selects  some  easily 
made  flgure.  as  a  triangle,  square,  etc.  If  two  surveys  use  the  same  station, 
the  mark  or  the  second  survey  is  placed  around  that  of  the  first,  and  the 
*'  Remarks  "  give  "  Station  No.  234  of  L.  <b  S.  corps,"  etc. 

Kindt  of  Sttttont.— The  simplest  top  station  is  a  shallow  conical  hole,  made 
with  the  point  of  the  foresight  man's  hatchet,  which  is  dug  into  the  top  rock 
and  rotated,  and  is  called  by  some  a  jigger  station.  Ck)rps  using  these  entirel  v 
have  a  Jigger  consisting  of  a  steel-pointed  extension  rod,  with  an  offset  hold- 
ing a  paint  brush.  The  rod  is  long  enough  to  allow  the  point  to  be  driven 
into  the  roof  at  any  height,  and  its  rotanon  marks  a  circle  with  ttie  brush, 
which  is  also  used  to  mark  the  number  beside  it.  Centers  are  set  under  such 
stations  and  sights  are  given  by  another  tool— also  called  a  Jigger.  This  is  an 
extension  rod,  oeyond  the  upper  end  of  which  projects  a  piece  of  sheet  iron 
shaped  like  an  isosceles  triangle,  with  the  upper  and  smaller  angle  cut  off  so 
as  to  form  an  end  one-quartor  of  an  inch  oroad,  and  in  this  end  is  cut  a 
U-shaped  groove. 

The  sights  are  given  and  the  "  centers  "  set  by  putting  the  plummet  cord 
in  this  groove,  and  placing  the  end  in  the  * 'jigger  hole  "  in  the  roof.  The 
cord  must  be  more  than  twice  the  length  or  the  section  of  the  place,  as  it 
must  be  held  in  the  hand,  run  over  the  jigger  notoh,  and  hang  vertically  to 
the  plummet,  which  must  come  to  the  noor  when  the  stations  are  set.  The 
rod  and  cord  are  held  in  the  left  hand,  and  the  right  is  free  to  steady  the 
"  bob,"  give  sight,  or  set  the  center.  The  advantage  of  this  method  hes  in 
the  quickness  with  which  the  centers  are  set  and  the  sights  given,  and  the 
ease  with  which  the  highest  stations  are  reached.  The  disiulvantages  are 
the  impossibility  of  making  the  jigger  hole  perfectly  conical,  so  that  the  jig- 
ger can  be  set  in  the  same  place  on  two  successive  sights,  and  the  plummet 
cord  will  hang  exactly  in  the  same  place. 

^Stecond.— Common  shingle  nails  are  driven  into  collars,  or  cracks  in  the 
roof.  The  end  of  the  plummet  line  is  noosed  and  put  over  the  head.  This 
causes  an  eccentric  hanging  of  the  plummet  that  may  cause  an  error  in  back- 
fds^t  and  foresight  of  the  width  of  the  nail  head,  which  will  be  quite  appreci- 
ate in  a  short  sight.  To  do  away  with  this  error,a  variety  of  nails  ( called  «pacl«, 
9jntd8t  etc.)  are  made  of  iron  or  copper.    Iron  will  not  corrode  in  dry  mines, 
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and  is  much  cheaper.  The  simplest  is  made  bT  hammering  ont  the  head  of  a 
horseshoe  or  mule-shoe  nailjj>unching  a  hole  m  the  flattened  head  for  insert- 
ing the  cord,  and  cutting  on  the  point,  so  as  to  make  the  finished  spad  an 
inch  long.  This  will  bring  the  head  near  the  surface  without  having  to  drill 
too  deep  a  hole,  and  will  make  them  unfit  for  lamp  picks,  as  they  are  verr 
handv  for  such  purposes,  and  thousands  have  been  pulled  out  to  this  end. 
Any  blacksmith  can  ftimish  them  for  less  than  1  cent  each.  They  are 
driven  broadside  to  the  line  of  sight,  or  they  will  be  liable  to  the  same  objec- 
tiou  as  the  shingle  nail.  To  remove  all  chance  of  eccentricity,  a  form  is 
made  with  a  shoulder  in  which  a  hole  is  drilled  parallel  to  the  length  of  the 
nail.  The  practice  of  using  staples  for  stations  is  antiquated— though  given 
in  the  last  editions  of  some  modem  textbooks— and  should  never  be  used 
where  accuracy  is  required. 

Third.— AW  these  varieties  of  spads  are  driven  into  a  crack  of  the  roof;  but 
such  stations  cannot  be  called  permanent^  as  the  same  force  that  made  the 
crack  will  tend  to  open  it  and  let  the  nail  drop.  Even  if  this  does  not  hap- 
pen, we  shall  have  the  water  in  a  wet  mine  coming  in  by  these  cracks,  and 
rotting  the  nails,  or  the  rock  at  the  sides  of  the  crack,  and  in  a  month  after 
the  placing  of  the  station,  it  will  be  unfit  for  use. 

Fowrtk.— Into  a  hole  drilled  in  the  roof,  a  wooden  plug  is  driven,  and  Into 
this  we  drive  the  spad.  The  swelling  wood  clamps  the  same  and  prevents 
its  coming  out  as  readily  as  it  was  put  in.  The  plugs  are  made  of  well-dried 
wood  outside,  and  are  carried  by  the  man  that  sets  the  stations.  The  first 
holes  were  made  by  a  jumper,  and  the  plugs  were  2  in.  square  and  6  in.  long. 
The  modem  holes  are  usually  made  by  a  twist  drill  of  as  small  a  diameter  as 
will  do  the  work  without  bending  at  tne  shank.  Such  drills  can  be  used  in 
slates  or  clays;  but  an  ordinarv  drill  and  hammer  must  be  used  in  harder 
rocks.  The  average  modem  noles  are  i  in.  to  i  in.  in  diameter,  while 
the  plugs  are  i  in.  to  1  in.  long  at  the  maximum.  The  smaller  the  hole,  the 
quicicer  the  work.  All  stations  should  be  put  in  the  roof  in  preference  to  the 
under  side  of  a  collar,  or  in  any  ordinary  umbering.  The  only  exception  is 
where  the  roof  is  too  poor  to  hold  them.  Such  stations  should  be  checked  in 
extending  a  survey  before  they  are  used,  if  we  wish  to  swear  to  the  accuracy 
of  our  work.  The  engineer  that  believes  in  using  collars  may  find  himself 
in  the  quandary  of  the  man  whose  company  worked  across  their  line  because 
he  started  from  a  collar  station.  Since  its  location,  the  place  was  working 
and  the  collar  was  taken  down  and  shifted  end  for  end  when  replaced. 
Good  side  notes,  if  constUted,  wotUd  have  shown  him  the  change. 

Fifth.— A  twist  drill  ^  in.  in  diameter  is  used  to  make  a  hole  in  the  roof; 
a  piece  of  cord— or,  better,  a  copper  wire— is  placed  across  this,  and  a  hard- 
wood shoe  peg  is  driven  into  the  hole  and  binds  the  cord  tight.  The 
plummet  is  tied  to  the  lower  end.  A  cord  will  soon  rot,  and,  if  in  the 
gangway,  is  pulled  out  by  the  drivers  for  whip  lashes,  while  the  wire  is 
more  permanent;  but  even  this  will  be  pulled  out  by  catching  in  the  topping 
of  a  car  in  a  low  place. 

Lastly.— The  use  of  spads  is  dispensed  with,  and  all  the  stations  put  in  rock 
roof  where  possible.  A  i"  twist  drill  makes  a  vertical  hole  I  in.  deep. 
Into  this,  when  a  sight  is  to  be  taken,  the  foresight  man  puts  a  steel  clip  with 
serrated  edges.  This  is  made  by  bending  upon  itself  a  thin  piece  of  steel 
A  in.  wide.  When  the  ends  are  pressed  together  it  will  go  into  the  hole,  and 
the  spring  of  the  sides  and  the  serrated  edges  hold  the  cUp  in  the  hole  so  that 
it  is  nard  to  pull  out.  The  cord  passes  through  a  hole  in  the  center  of  the 
bend  and  is,  therefore,  in  the  center  of  the  hole— no  matter  how  the  clip 
is  inserted.  It  is  removed  by  pressing  together  the  ends  of  the  clip.  This  is 
the  easiest  and  quickest  way  of  working,  as  there  is  no  eyehole  to  be  freed 
from  dirt  and  no  knot  to  be  tied  and  untied.  The  hanging  of  the  plummet 
takes  a  fraction  of  a  second,  and  the  station  will  remain  as  long  as  the  roof 
keeps  up.  The  disadvantages  are  the  putting  of  the  holes  inclined  to  the 
vertical  by  a  careless  man,  and  the  many  roofs  that  are  unfit  for  piercing 

with  a  twist  drill.       ^     ^     , .  ,  ,  .     ,, . 

Mirkinff  Ststions.— We  should  have  some  regular  way  of  witnessing  our 
stations.  In  general,  a  vertical  line  on  the  rib  calls  attention  to  a  station  in 
the  floor  near  the  side  marked.  A  roof  station  has  the  mark  around  it,  as  has 
been  described,  and  it  is  some  geometric  figure.  If  three  regular  corps  are 
engaged  in  the  same  field  and  meet  in  the  same  mines,  as  the  company 
corps,  the  corps  of  the  individual  operator,  and  the  private  corps  that  u 
looking  after  the  interest  of  one  or  more  of  the  land  owners,  they  must  use 
different  signs  for  stations.    The  most  common  are  the  circle,  square,  and 


BTATroifS.  69 

triangle.  If  the  "circle "  corps  puts  in  the  station,  it  has  a  drde  about  it. 
The  next  corps  uses  it  and  puts  a  square  about  it  and  notes  **  Sta.  472  =  to 
Bta.  742  of  (  )  Ck>rps."  The  third  corps  uses  it  and  puts  a  triantfle  about 
the  square,  and  notes  "  Sta.  617  ==  to  Sta.  472  of  (  )  Corps,  and  Sta.  742  of  (  ) 
Corps."  If  the  first  corps  uses  the  station  again,  it  notes  the  numbers  given 
by  tne  two  other  corps,  and  these  three  numbers  will  aid  in  identifying  it  if 
one  or  two  of  the  numbers  are  lost. 

Distinf  uishing  Ststlons.— Each  station  must  be  lettered  or  numbered  so  that 
it  can  be  readily  recognized  when  the  subsequent  surveys  are  made.  When 
set  it  may  have  been  at  the  end  of  a  gangway,  while  six  months  later 
the  gangway  has  been  driven  hundreds  of  ^t  urom  that  place,  chambers 
have  been  turned  off  in  what  was  solid,  and  the  place  be  so  utterly  unlike 
its  former  state  that  nothinsr  but  a  fixed  mark  oelonglng  to  that  station 
alone  will  enable  us  to  recognize  it.  The  methods  of  distinguishing  stations 
vary  widely.  In  one  place  the  writer  found  that  each  gangway  and  room 
had  a  Station  1  at  its  oeginning,  and  the  various  stations  numbered  1  were 
designated  "  Grog  Run  1, 2, 3,  etc.";  "  Pat  James  Gangway  1, 2,  etc.";  and  so 
on  through  the  map,  that  showed  between  fifty  and  one  hundred  stations 
numbered  1,  so  that  a  new  engineer  would  have  had  to  learn  the  mine 
thoroughly  before  he  could  extend  a  survey.  Another  way  is  to  use  Al« 
A2,  etc.,  up  to  AlOO.  and  so  throus^h  the  alphabet  to  avoid  running  up  too  high 
in  numbers.  A  third  was  lettering  the  various  sections  of  the  mine  A,  B, 
C,  etc.,  and  the  numbers  begin  with  1  in  each  and  run  up  indefinitely. 

All  of  the  above  have  aisadvantages,  as  powder  or  lamp  smoke,  mud, 
mold,  or  the  misplaced  ingenuity  of  small  boys  may  so  obliterate  or  obscure 
a  mark  that  it  will  be  recognized  only  by  association  with  its  immediate 
neighbors,  and  these  may  have  shared  tne  same  fate.  You  may  have  only  a 
3)aix  of  the  mine  map  with  you,  and  because  the  system  of  marking  strives  to 
sret  along  with  as  few  symbols  as  possible,  you  have  to  go  to  the  office,  when 
there  would  have  been  a  chance  of  deciphering  the  mark  if  there  had  been 
a  number  of  figures  to  it.  The  best  practice,  therefore,  courts  large  numbers, 
begins  with  Station  0  at  the  mouth  of  the  slope  or  drift,  or  the  foot  of  the 
shaft,  and  numbers  consecutively  in  each  bed.  In  a  short  time  three  figures 
are  reached,  while  in  old  mines  the  numbers  require  four  di^ts.  The 
chances  of  obscuring  such  a  mark  are  lessened,  while  the  chances  of  our 
deciphering  it  are  increased. 

Centart.— When  the  station  is  in  the  roof,  there  must  be  something  for  the 
transit  to  set  over,  as  it  is  easier  to  do  so  than  to  set  under  a  station,  and  much 
more  accurate  as  instruments  are  now  made.  The  set-up  is  mieule  over  a 
*'  center."  At  first,  a  cross  scratched  on  the  floor  or  on  a  loose  piece  of  slate, 
a  daub  of  white  lead  on  the  same  with  a  small  piece  of  coal  placed  under 
the  point  of  the  plummet— when  that  had  been  steadied— or  nnally,  a  nail 
driven  into  a  block  and  afterwards  pointed,  were  used.  All  of  these,  except 
where  the  mark  was  on  the  solid  floor— if  they  were  large  enough  to  oe 
stable— were  in  the  way  of  the  observer's  feet,  while,  if  small,  they  were  so 
light  as  to  be  readily  displaced.  It  must  be  noted  here  that  it  is  not  so  much 
the  errors  that  we  can  foresee  and  detect  that  influence  the  accuracy  of  the 
work  in  our  own  eyes,  but  the  chances  of  error  trom  accidents  that  we 
cannot  control  and  that  cannot  be  readily  detected.  To  avoid  the  above 
chances,  we  make  the  centers  as  small  and  as  heavy  as  we  can— in  other 
words,  we  make  them  of  lead.  A  hole  U  iu-  iu  diameter  and  \  in.  deep  is 
bored  in  a  thick  plank,  a  brad  is  set  in  its  center  with  the  head  down;  the 
hole  is  filled  with  melted  lead  and  the  brad  is  slightly  raised  to  surround  the 
head  with  lead,  and  held  with  pincers  in  a  vertical  position  till  the  lead  has 
set.  The  brad  is  cut  off  i  in.  above  the  lead  and  pointed.  This  "center" 
combines  weight  and  small  size,  and  is  generally  used. 

Ptint— White  lead,  or  Dutch  white,  thinned  with  Unseed  oil,  is  ordinarily 
us^.  It  is  carried  in  a  covered  tin  pail  holding  a  pint.  The  cover  has  a 
hole  large  enough  to  admit  the  brush.  The  i>ail  generally  has  to  be  cleaned 
out  after  each  day's  work,  as  the  brush  gathers  dirt  every  time  it  is  used.  In 
case  the  paint  is  to  be  kept  for  a  number  of  days,  it  must  be  covered  with 
\^ater,  which  can  be  poured  off  before  using.  If  the  ordinary  paint  brush 
has  too  longbristles,  it  can  be  shortened  and  kept  fh)m  wearing  by  winding 
with  fine  wire  to  the  proper  length.  The  top  should  be  wiped  clean  and 
dry  with  a  piece  of  cotton  waste  before  the  paint  is  applied^  or  the  white 
will  be  eo  discolored  as  to  be  scarcely  visible,  or  if  the  top  is  dirty  it  will 
flake  off,  and  the  numbers  be  lost. 
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KKKPING  NOTKS. 

Ttkint  NftM.— Complete  notes  should  be  taken  and  recorded  neatly  and 
Bvstemaucally,  bo  that  a  stranger  can  easily  follow  them.  Every  physical 
cnaracteristio,  and  all  surface  improvements  should  be  noted  and  located. 
Every  ledge  of  rock  should  be  noted,  its  character,  dip,  and  course  of  strike 
should  be  tciken.  In  a  large  company  there  should  be  a  separate  book  for 
transit  notes  and  for  side  notes,  and  where  many  collieries  are  operated,  a 
separate  set  of  books  should  be  used  for  each  colliery. 

However  the  notes  are  kept,  we  must  note  the  following  things:  The 
numbers  of  the  stations;  the  needle  readings  to  check  the  vernier;  the 
vernier  reading;  the  dip  of  the  sieht;  the  distance  measured,  either  flat  or  on 
the  dip;  the  hdght  of  the  axis  of  the  transit  ft-om  the  ground;  the  height  of 
the  point  dghted  at  from  the  ground;  and  all  other  necessarv  remarks  to 
make  the  work  plain.  It  is  customary  to  have  series  of  vertical  columns 
headed  (to  suit  the  above)  Sta.,  Needle  F.  S.,  Needle  B.  8.,  Vernier,  Pitch, 
Dist.,  H.  I.  (height  of  instrument),  H.  R.  (height  of  rod,  or  point  to  which 
sight  was  taken  K  and  Remarks. 

At  the  top  of  the  paee  in  starting  a  survey,  there  should  be  entered  the 
'  name  of  the  mine  and  ofthe  bed  where  the  work  is  to  be  done;  the  names  of 
the  regular  corps  employed  for  the  work,  and  those  that  were  taken  fh)m  the 
mine  to  point  out  work  or  assist;  the  instruments  used;  the  date  ofthe  work, 
and,  in  case  it  be  the  continuation  of  a  previous  survey,  the  cages  where  such 
work  was  noted  must  be  set  down.  Such  books  are  complete  records,  and 
can  be  used  as  time  books  in  paying  the  men,  or  as  proofs  of  the  kind  of 
work  done  in  case  a  lawsuit  requires  such  testimony,  by  showing  the  number 
of  men,  the  instruments  used,  and  the  lime  employed. 

Transit  snd  Side  Notes.— There  are  about  as  many  methods  of  keeping  these 
notes  as  there  are  engineers.  These  methods  arrange  themselves  into  groups, 
and  specimens  of  four  groups  will  be  shown,  as  the  most  common  in  use  in 
the  mines: 

First— The  side  notes  of  each  sight  follow  the  transit  notes  of  that  sight, 
and  on  the  same  page. 

/Second.— They  are  entered  in  the  same  book  on  opposite  pages. 

Third.— The  transit  notes  ofthe  whole  survey  come  first,  ana  are  followed 
by  the  side  notes  in  the  same  book. 

Fourth.— Each  set  of  notes  has  a  separate  book. 

The  last  method  is  the  best— even  if  the  same  man  takes  both  sets  of 
not^  and  where  two  men  do  the  work  at  the  same  time,  such  a  method  is 
imperative.  ;^ch  mine  should  have  a  separate  set  of  books  for  ordinary 
work  and  special  work,  and  such  a  practice  gives  the  engineer  reference 
notes  in  a  portable  form.  Unless  this  is  done,  and  if  the  party  makes  surveys 
in  twenty  different  mines,  the^notes  of  two  succeeding  surveys  in  any 
locality  are  generally  in  separate  books,  and  both  must  be  carried.  This 
applies  to  side  notes,  and  four  books  must  be  carried.  With  a  special  book 
for  each  mine,  no  index  is  needed  to  find  a  certain  survey,  and  no  set  of 
books  must  be  overhauled.  The  book  for  that  mine  is  taken,  the  date 
looked  up,  and  the  notes  found. 

The  taking  of  side  notes  in  an  ordinary  outside  survey  Is  secondary  to  the 
instrumental  work;  while  in  underground  work,  of  ordinary  character,  the 
lines  ofthe  survey  are  skeletons  upon  which  are  built  the  side  notes.  The 
aide  notes  are  therefore  of  the  highest  value,  and  the  forms  for  taking  them 
should  embrace  the  salient  features  of  the  underground  work,  so  that 
the  mapper  can  reproduce  them  faithfully  even  if  he  may  never  have  been 
Inside. 

Forms  for  Trsnsit  Notes.— Suppose  we  are  setting  up  at  b;  with  backsight  at 
a;  foresight  to  c;  deflected  angle  abc  =  S5P27'  left;  and  tiiat  the  distance  he 
is  421.76ft.  measured  on  a  pitch  of  +  4°  W. 

First  Form: 
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This  is  read:  "  Set-np  at  b;  backsight  at  a;  foresight  to  e;  first  reading  of 
yemier  under  A',  second  (check)  reading  under  B;  check  reading  by  needle 
computed  ftom  foresight  and  backsight  needle,  etc."  Some  note  the 
readings  of  one  vernier  at  A,  and  the  opposite  one  at  B,  and  take  only 
one  sight.  The  last  column  for  stations  is  sometimes  omitted,  and  the  first 
widened,  so  that  the  three  can  be  entered  as  fol- 
lows: *'ar-6-c." 

Second  Form.— This  differs  from  the  first  in 
having  but  one  column  for  the  venier  reading, 
which  is  not  noted  untU  two  readings  agree, 
and  also  in  omitting  the  last  column  for  sta- 
tions, as  noted  above.  In  some  cases  the  line 
is  indicated  bv  but  two  stations,  the  one  set  up 
at,  and  the  foresight,  as  in  the  angle  given 
above,  b-c  To  note  the  backsight,  the  previous 
line  is  always  taken,  and  under  "Sta."  we  put 
"  Or-b,"  and  the  needle  reading. 

Third  Form.— In  this  case  a  continuous  ver- 
nier is  canded  and  the  readings  are  put  in 
the  second  column,  with  the  neeale  course  on 
foresights  as  a  check  in  the  third.  In  the  column 
for  stationsonly  the  station  at  which  the  set-up 
is  made  is  noted  on  the  line  with  the  readings 
for  that  set-up— the  backsight  going  on  the  pre- 
vious, and  the  foresight  on  the  following,  lines. 
Fourth  Form. — This  is  also  a  form  for  record- 
ing a  continuous  vernier,  as  well  as  the  deflected 
angle.  The  right-hand  page  is  for  noting  differences  of  level  as  measured 
by  level  or  transit.  Certiain  columns  are  filled  in  at  the  oflftce,  to  make  the 
book  complete  as  a  reference  in  mapping,  or  in  the  mine.  This  form  is 
advocated  **for  its  compactness  ";  but  there  is  such  a  thing  as  too  much  of 
ttiat  article,  as  there  is  no  room  on  either  page  for  remarks,  while  in  all  the 
other  systems,  the  right-hand  page  is  set  aside  for  this  purpose. 

Fifth  JFbwi.— Where  the  leveling  is  performed  by  the  transit,  and  each 
sight  is  taken  with  that  end  in  view,  the  level  notes  are  added  to  any  form 
of  transit  notes  chosen  and  they  are  recorded  as  shown  in  table  on  page  66. 
ITiese  figures  are  used  to  calculate  the  differences  in  elevation,  as  shown  by 
the  pitch  of  the  sight.    The  minus  signs  show  that  the  points  noted  are 

below  the  stations.  If  the  station  were  in  the 
floor,  the  sight  would  have  a  plus  sign.  A  contin- 
uous vernier  can  be  used  with  this  form. 

Forms  for  Side  Notes.— In  every  case  the  notes 
should  convey  to  the  man  that  plots  some  idea  of 
the  form  of  the  place  surveyed.  An  accurate  sketch 
cannot  be  made  unless  the  whole  locality  can  be 
seen  at  a  glance — which  is  seldom,  if  ever,  the  case— 
and  yet  we  must  not  go  to  the  other  extreme  and 
write  down  the  notes  without  a  sketch;  yet  that  is 
what  is  frequently  done,  and  may  be  simply  noted 
as  the  first  form,  and  put  aside  as  a  faulty  method 
with  no  good  points. 

Secona  Form.— In  this,  see  Fig.  1,  as  in  a  sketch 
made  as  a  person  advances  with  no  definite  idea  of 
the  arrangement  of  the  work,  there  is  too  frequently 
a  running  of  the  sketch  off  the  page— on  one  side  or 
the  other,  and  a  cramping  of  certain  parts.    Insert- 
ing the  figures  on  the  line  of  survey  confuses  the 
one  that  plots  if  the  sketch  is  distorted  or  cramped. 
As  the  hands  of  the  note  man  are  dirty  from  rub- 
bing alonff  the  tape,  to  find  the  numbers,it  generally 
happens  that  the  sketches  are  smeared  ana  blurred 
so  tnat  they  are  hard  to  decipher  when  the  notes 
are  most  clearly  kept,  and  a  method  that  encourages 
cramping,  confusion,  or  obscurity  must  be  rejected. 
Third  Form.— There  is  no  attempt  made  at  sketching  in  this  form.  Fig.  2, 
but  the  red  line  in  the  center  of  the  page  of  the  note  book  is  taken  as  the  line 
of  survey,  and  the  next  parallel  lines  on  either  side  are  taken  as  the  boundaries 
of  the  solid  on  either  side.    The  only  figures  on  each  side  of  the  red  line  are 
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the  distances  fh>m  the  line  to  the  solid,  while  the  "  pluses"  at  which  they 
were  taken  are  noted  at  the  side  of  the  page,  and  the  exact  distance  between 
the  two  stations  is  enclosed  in  the  parallelogram.  This  method  at  the 
pluses  155  and  157  calls  attention  to  a  point  where  practice  varies  greatly; 
namely,  How  shall  we  note  the  "  comer  of  pillar  "  ?  and  Where  is  the  corner? 
One  method  calls  the  comer  that  point  where  the  pillar  begins  to  diverge 
Arom  the  gangway  line,  as  noted  in  Fig.  2,  at  a,  where  a  chamber,  cross- 
cut, or  counter  starts  m>m  the  gangway;  a  second  method  designates  the 
comer  as  the  first  or  last  solid  part  met  with  in  the  line  of  survey,  as  at  6, 
Fig.  2.  The  first  is  fkulty,  as  there  is  no  record  of  the  gradual  diveigence  of 
the  pillar  itom  the  gangway  line,  and  the  words  "  comer  of  pillar '^usually 
mean  the  end  of  the  same.  We  should  therefore  call  the  pillar  solid  till  the 
line  at  right  angles  to  the  line  of  survey  is  tangent  to  the  ends,  no  matter 
whether  that  end  be  10  or  100  ft.  distant.  Any  one  can  plot  side  notes  if 
accurately  taken,  and  two  persons  accurately  plotting  such  notes  will  reach 
the  same  result. 

Uvel  Notes.— These  are  kept  as  in  outside  work,  as  has  been  before  stated, 
with  the  exception  that,  as  the  rod  is  reversed  in  getting  the  elevation  of  a 
station  in  the  roof,  the  record  of  the  reading  is  prefixed  with  a  minus  sign. 
A  record  of  such  a  reversed  rod,when  the  target  is  3.78  ft.  below  the  station, 
is  recorded  —3.78. 

The  shaft  is  ineasured  (if  deep)  by  a  fine  steel  wire  running  about  an 
accurately  graduated  wheel  (a  sufficient  number  of  turns  being  laid  to 
prevent  slipping)  and  noting  the  number  of  turns  before  the  bottom  is 
reached.  The  wire  may  be  measured  before  and  after  the  operation,  to 
insure  against  stretching.  An  aneroid  mininr  barometer,  if  in  good  condi> 
tion,  will  give  quite  accurate  results  if  a  number  of  trips  are  maucie  between 
top  and  bottom,  to  give  an  average.  In  this  case  the  barometer  must  be  left 
quiet  10  or  15  minutes,  to  be  sure  that  it  has  expanded  or  contracted  to  the 

g roper  degree.  For  rough  measurements,  the  length  of  the  winding  rope 
etween  top  and  bottom  is  taken. 
By  one  of  these  methods  we  locate  a  bench  mark  below,  that  is  connected 
with  the  outside  work  and  referred  to  tide  water.  As  has  been  stated,  the 
rod  must  be  reversed  to  get  the  elevation  of  all  stations  in  the  roof  and  all 
such  readings  are  noted  with  the  minus  sien,  as  —4.32^  (read  4.32  ft.  below 
station),  we  must  bear  in  mind  that  roof  stations  are  almost  certain  to 
settle,  from  the  pressure  of  the  superincumbent  rocks.  To  check  such 
settling,  we  must  measure  the  distance  ftom  roof  to  floor  accurately.  Some 
measure  from  floor  to  rail  of  track.  This  is  inaccurate,  as  the  track  may  be 
shifted  or  the  grade  changed  in  making  repairs,  or  to  take  out  a  "  sag.'*^  A 
noted  expert  once  swore  that  the  roof  had  settled  in  a  mine,  as  his  measure- 
ments were  from  roof  to  track,  and  the  latter  had  been  raised  without  his 
knowledge. 

Whenever  we  begin  a  level  survey,  we  ttiust  measure  the  distance  between 
roof  and  floor  and  see  if  it  agrees  with  the  notes.  If  it  differs,  we  must  note 
the  fkct  under  the  original  notes,  as  a  check  for  future  work. 
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By  Joseph  Barrell.* 

In  large  metal  mines,  where  the  veins  are  more  or  less  vertical  and  great 
volumes  of  ore  are  extracted  trom.  between  the  levels,  it  becomes  important 
to  adopt  such  a  system  for  recording  the  shape  and  location  of  the  stopes  that 
at  any  future  time  the  engineers  may  be  able  to  give  precise  information 
concerning  them,  without  entering  the  mine  for  the  purpose. 

Prepsrttion  of  the  Slope  Book.— Although  the  timbering  fUmishes  means  for 
sketching  and  locating  the  stopes,  some  regular  system  must  be  followed  or 
inextricable  confUsion  will  result.  The  book  must  connect  the  stope 
sketches  with  the  transit  work  of  the  drifts  and  also  the  various  floors  with 
one  another. 

Fig.  1  is  a  hypothetical  map  of  a  portion  of  two  levels.  Figs.  2, 3,  and  4 
follow  flrom  it,  Fig.  2  being  one  leaf  from  the  stope  book.  The  paper  should 
be  of  the  quality  of  that  used  in  field  books,  mled  by  the  printer  vertically 
and  horizontally,  with  waterproof  lines  in  a  colored  ink— preferably  green. 
A  convenient  scale  has  been  found  to  be  4  lines  to  the  inch,  every  foimh  or 
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flfth  line  to  be  heavier.    Each  square  will  represent  a  square  set,  giving  an 

actual  scale  of  about  20  ft.  to  the  inch .    A  smaller  scale  does  not  show  enough 

detail,  and  a  larger  one  is  not  necessary  for  this  class  of  work. 

The  most  convenient  size  for  the  bound  books  is  11  in.  long  by  54  in.  wide. 

Only  tiie  right-hand  leaves  are 

numbered,  so  that  when  open 

a  page  extends  entirely  across 

the  book,  20  in.,  showing  400  ft. 

of  the  length  of  the  vein  and 

wide  enough  for  two  floors  on 

one  page.     The  floors  imme- 
diately above  each  other  must 

follow  on  consecutive  pages; 

thus,  on  the  first  double  page 

will  be  400  ft.  of  the  sill  floor 

and  first  floor,  on  the  second 

page  the   second    and  third 

floors,  and  on  the  seventh  page 

the    twelfth    and    thirteenth 

floors.     The  eighth    page  is 

reserved  for  cross-sections  of 

the  vein,  and  the  ninth  for  the 

long  upright  section,  these  two 

being  shown  by  Fiffs.  3  and  4. 

The  next  400  ft.  of  the  same  Fig.  1. 

drift  will  be  shown  on  page  10, 

so  that  it  joins  on  to  page  1  on  one  side  and  to  page  19  on  the  other,  and 

in  this  way  the  work  of  one  level  is  kept  together.    For  convenience,  the 

book  should  be  indexed  by  placing  a  projecting  tag  with  the  number  of  the 

level  on  each  page  of  the  drift  floor. 

Having  now  a  general  idea  of  the  arrangement  of  the  work  in  the  book,  it 

remains  for  us  to  determine,  precisely,  how  to 
place  it  and  how  to  show  the  relation  to  the 
transit  surveys.  First,  it  is  necessary  to  have 
some  reference  line  on  the  vein.  For  this 
purpose  draw  on  the  map,  through  the  center 
of  tne  shaft,  iC  line  i)erpenaicular  to  the  strike 
of  the  vein,  as  shown  in  Fig.  1.  Scale  off"  fh)m 
the  map  the  distance  at  which  it  cuts  the 
transit  course  from  the  nearest  station.  Then« 
by  adding  the  known  distances  between  stap 
tions  to  tnis,  we  obtain  the  surveyed  distance 
of  any  point  on  the  drift  fh^m  our  reference 
line.  Select  the  middle  or  end  of  a  page  in 
the  stope  book  for  the  zero  or  reference  line, 
such  that  the  drift  will  go  most  conveniently 
in  the  book,  and  on  the  upper  line  locate  the 
survey  points  at  their  proper  distances  fW)m  it, 
as  in  Fig.  2.  The  vertical  location  of  any  part 
can  be  told  when  the  dimensions  of  the  tim- 
bering are  known.  In  this  instance  the  drift 
is  7  ft.  10  in.  high,  and  each  of  the  following 
12  floors  are  7  ft.  2  in.  If  the  levels  are  exactly 
100  ft.  apart,  the  thirteenth  floor  will  conse- 
quently DC  6  ft.  2  in.  in  height. 

Tha  Stope  Book  in  the  Mine.— Having  indi- 
cated in  the  office,  by  a  regular  system,  the 
place  for  everything  that  will  be  found  in  the 
mine,  the  next  step  is  to  proceed  to  the  details 
of  sketching.  The  location  of  the  stations  on 
the  top  line  of  the  drift-floor  pages  shows  on 
what  vertical  line  they  should  lie  in  the 
sketch;  but  the  fact  that  each  square  must 
be  kept  as  representing  a  square  set,  and  that 
any  or  all  oi  them  may  not  be  exactly  to  our 
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any  or  an  or  mem  may  not  be  exactly 
scale,  will  cause  the  location  made  in  the  mine  to  vary  slightly  fVom  that 
made  in  the  office.  Any  such  discrepancy  must  be  taken  upon  the  edge 
ot  the  page.    Therefore,  proceed  to  the  station  nearest  the  center  of  the  page 
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talk  along  the  (Irifl,  watching  the  diaiucter  of  otK  i 

:it  the  jloor,  eketchlng  while  walkine.  counllne  the  seta,  ar-'  ' 
posts  by  dote  of  the  jwiicll.    Check  up  the  nuniberof  selsoi 


md  bycountias  the 


!ndof  thedrift~~  Sketch' th«  other  side  In  comine  back. 


placed  upon  (he  work.    On  the  coirectnen  of  the  sketciiea  of  the 

r  that  of  the  ovBrtytogetopee  depends. 

HaTlugflDlahed  the  drift,  cUmb  to  the  Brst  floor  and  locate  the  set  climbed 


through  the  Bame  distance  east  or  west  of  the  referei  .     . 

below,  see  Vig.i.  Since  the  chutes  and  manwayBwlUonllnaiily  notstepoff 
sideways,  but  only  along  the  dip,  a  chute  will  be  represented  the  auue 
dlstauce  l^m  the  side  edge  of  a  page  on  all  those  Soon  where  ItoccutB.  In 
this  way  each  floor  Is  located  In  longitude.  To  do  the  same  in  Utilude  It 
will  be  necessary  to  give  an  a--bitrarv  number  to  that  row  of  Umben  on  Che 
ground  floor  against  the  hatigln^  wall.    It  Is  welt  to  utart  with  10,   ' 


a  wider  workliig  of  the  hanging  wall,  tliere  will  be  no  danger  of  ninnlng 
__wninto  negative  numbers.    The  rows  are  numbered  oonaeoutlTelv  as  they 
B(epoff1owai3  the  toot-wall.    Thus,  In  Pig.  2,  on  the  drift  Of 
to  chute  No.  102  is  in  row  11,  and  that  determines  111 


to  chute  No.  102  is  in  row  11,  and  that  determines  the  noinberlng  on  the  first 
floor.  Ou  the  thirteenth  floor,  in  this  laataaes,  at  shown  in  Fig.  3,  the  man- 
way  Is  in  row  19.  In  such  a  manner  each  floor  Is  completely  located  wltli 
reference  to  the  drill  below  and  ultimately  with  the  ttanalt  aurvef. 

The  ease  and  ra|^dity  of  the  work  wtu  depend  on  the  character  of  the 
mine.  Much  is  rained  by  practice.  Che  work  not  being  sketched  set  by  set. 
but  a  pause  for  sketchlne  being  made  every  fifth  or  tenth  set,  or  wherever 
there  Is  a  change  In  the  character  of  IJie  wall.  In  drifts  such  as  are  uaually 
found,  from  3.0DI)  to  S.OOO  ft.  of  sketching  is  a  good  day's  work.  The  sketch 
should  be  taken  at  some  deflnite  horizon,  and  Chat  of  the  floor  level  is  best. 
Features  of  conatant  recurrence  must  be  represented  by  conventional  stgiia.  • 
Thua,  in  Fig.  2,  c  enclosed  by  a  square  indicates  a 
chute  passing  through  the  floor:  up  means  a  ladder 


the  manwa 
'though  t1 


-r,  ....  _  jianwavdc.,„.     _„ 

rock  wall,  a  broken  line,  lagging;  crosB-hBtching 
represents  fllling;  a  da8hed-and.datted  line,  the 
presumed  limit  of  filled  workings,  etc.  II  is  of 
importance  to  indicate  Irregularities  In  the  tim- 
bers. If  It  Is  a  stiort  set,  write  Swlthln  Che  square; 
if  a  long  set,  L.  giving  the  length  If  necessary.  If 
there  should  be  an  angle  in  the  timbering  so  that 
there  may  be  a  set  more  on  one  side  of  the  drift 
than  on  the  other,  represent  It  by  a  wedge-shaped 
opening,  as  shown,  being  the  appearance  of  Che 
drift  if  It  were  straightened  out.  In  fetching,  it  is 
essential  to  accuracy  that  the  attention  be  held 
to  a  few  things  at  a  time.  On  reaching  the  lop  of 
the  raise  the  plan  views  are  completed;  each  floor 

I.  having  been  sketched  on  the  way  up.    On  descend- 

Ing.  turn  to  page  K  and  sketch  the  OTOS&aeotlon  of 

as  shown  lnFig.3.    Eachsetls  still  represented  by  a  square, 

sets  arc  higher  tbaii  wide,  but  since  that  fact  is  known  it  can 


•e  book  is  taken  through  the  mine  and  brought  up  ti 


lead  tc 

The  St..  .  

flrst  of  each  month,  and  it  is  i __. .. 

accompany  the  engineer  and  point  out  each  place  where  work  has  been 
done.  To  pick  up  the  work  readily,  and  identify  the  last  set  of  Che  previous 
mnnth,  the  last  cap  should  have  a  notch  cut  In  it  and  the  same  indicated  in 
the  book. 

n*  Loni  Swithin.— The  view  of  the  vein  that  will  be  of  moat  general  use. 
and  show  at  a  glance  the  progress  of  the  work  of  ore  extraction,  is  the  Ion; 
)«Kon.  It  is  a  modified  vertical  projection  of  the  vein,  each  as  would  he 
obtained  If  Che  rock  on  the  hanging-wall  side  should  be  removed  and  the 
vein  viewed  from  a  distant  standpoint  at  the  same  level.  Fig,  i  shows  (he 
final  section  made  in  the  office  to  the  same  scale  as  the  map.  but  each  part  of 
it  for  the  correaponding  100  ft.  of  a  level  will  be  placed  on  pages  10.  IB,  etc 
of  the  slope  book,  and  la  compiled  (tom  the  sketches  of  each  floor.  The 
long  sections  can  be  drawn  &om  Che  plan  views  of  Che  floors  eichei  in  the 


TBE  LOSS  SSCTlOlt.  US 

tnliM  or  the  offlce,  but  II  Ii  &  little  better  to  detenolne  the  SinOing  pointa  In 
tbe  tuine.  The  transit  atatlntiR,  chutes,  and  ntlaee  fihouM,  or  course,  be 
located  upon  It  as  common  points  with  tbe  map,  connecting  tbe  two,  Tbe 
Snal  long  section  is  dravm  by  merelj'  piecing  togeDier  tlie  seveial  parts 
from  the  slope  book  and  drawing  them  horlzoDlally  and  vertically  to  tbe 

in  is  quite  an  irregnlar  soiface,  the  queeUon  arises  as  to  what 
of  a  vertical  projection  itlll  give  the  most  accurate  and  con- 
venient repreeenUtlon  of  it.  That  devised  by  tf  i.  A.  A.  Abbott,  of  whicb 
the  eraentlal  feature  Is  tbe  horlsontal  adjustment  space  left  between  the 
levels,  is  shown  In  Fig.  4.    At  our  reference  line,  in  this  case  the  projection 


tme  distance  apart  br 
the  width  of  an  adjust- 

each  level  at  Its  tme 
lei^Cth,  and  draw  the 
talBes  perpeikdlcular  (o  i 
them,  provided,  of 

only  step  r^  along  the 
dip  and  not  along  tbe 
stAke.  AU  these  fea- 
tnres  can  be  appreci- 
ated bystodylng  Pigs. 
I,  2.  3.  and  4  in  con- 
necdon  with  each 
Lines  corre- 


apondlng  to  the  height 

'  the  dra 

Tk  isbei 
WTtalned 

ch  a  view  approid- 
Ltea  to  a  deveiopmeni 
the  vein  hOTiion- 


8uch  a  view 
matealOB  dc 

of  the  vein 

tally,  but  veiUcally 


.  ...e  veliiB  eitracted  durtng  (L.  

„  irUnUng.    In  the  illustration,  the  ore  Iwdies 

bring  them  oat  more  clearly,  but  to  do  this  on  the  regular  map  would 
invOlTS  erasmree  with  every  extension  in  the  workings.  In  the  mine,  a 
hard  and  flhup  drafting  pencil  will  be  used,  but  pencil  markings  in  a  book 
coDHtantlr  In  nse  bood  become  fitint  and  blurred.  It  Is  necessary  to  go 
through  the  book  at  tnterrals  and  ink  in  everything  with  walerproof  draw- 
bwlnlc.  Twoooloncan  be  used  with  advanlaee,  red  for  ail  transit  lines 
and  surrey  figure*,  and  black  for  the  stopes  and  those  symbols  rolaHng  to 
Ihem.    It  Oiere  are  several  splllstoa  vein,  sometimes  worked  together  and 

"— M  not,  the  work  on  the  different  spills  can  be  reafllly  dlBtingnlshed 

igieetfon  bvnsliurred  (br  tbe  hanging-wall  split,  and  blue  for  that 
•'—"     "-'d  ffllnr'-—- •  —-•■ - —'">--- 


lelmffMi 
«lbot-wi 


ir  old  fl 

Eotirihe  diat  and  second  eitractlons  preserved. 


pens,  the  rarta  extracted  can  be  cros^-balcbed  In  red,  a 
'--■■  -*iea>Btand '   -■ ' 


The  value  of  these  methods  over  mere  sketches  made  without  es 
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MINK  CORPS. 

The  method  of  dividing  the  work  in  an  underground  survey  depends  on 
the  size  of  the  corps.  We  will  therefore  consiaer  the  work  of  each  man, 
in  order  to  get  the  right  number  for  the  corps.  The  chief  of  the  party 
should  be  wnere  he  can  do  the  most  good,  and  where  he  can  plan  the 
work  for  his  subordinates.  The  principal  point  of  the  survey  is  the 
setting  of  the  stations  so  as  to  do  the  work  thoroughly  with  the  fewest 
set-ups,  and  thus  diminish  the  chances  of  error  in  instrumental  work. 
The  cnief  should  locate  the  stations  and  add  all  the  necessary  signs 
to  show  how  the  work  is  to  be  done.  The  trantUman  should  not 
have  his  attention  distracted  from  his  particular  work  by  questions  as  to 
procedure.  He  should  work  untrammeled.  The  chief,  therefore,  should  not 
run  transit.  Upon  this  basis  the  ideal  mine  corps  works,  and  such  a  corps 
consists  of  at  least  four,  and  better  five,  men  fh>m  the  office,  and  three  from 
the'  mine.  It  is  divided  into  two  sections.  The  chief  takes  the  men  supplied 
by  the  mine— one  or  more  of  whom  are  acquainted  with  the  work  done  since 
tfie  last  survey— and  locates  the  stations;  the  transitman  follows  with  the 
second  section,  to  measure  angles  and  distances.  By  this  time  the  stations 
are  set  and  the  chief  takes  his  men  alter  the  transit  party  and  gets  the  edde 
notes,  with  a  check  measurement  of  the  distandes  between  stations. 

Such  a  corps  goes  to  the  end  of  the  former  survey  and  identifies  the  last 
two  stations.  The  transitman  prepares  to  set  up  at  the  last,  while  the  chief 
and  party  goes  as  far  as  he  can  see  the  light  from  the  last  station,  or  to  some 
intermemate  point  from  which  one  or  more  sights  are  to  be  taken.  He  then 
stops  and  sends  a  man  along  each  place  where  a  sight  must  be  taken,  as  long 
as  their  lights  are  plainly  seen  fh)m  top  to  bottom  where  he  is  standing,  and 
over  this  place  he  marks  a  point  for  a  station  to  be  inserted,  and  generally 
inserts  it  himself  unless  he  be  pushed  by  work,  and  must  leave  it  for  another 
to  do,  when  he  places  a  circle  about  the  dot,  places  the  number  at  the  side, 
and  as  many  arrows  as  there  are  new  stations,  the  longer  arrow  generally 
pointing  to   the  sight  to  be  last  taken  and  where   the   transit  is  to 

J  be  set  up  next.    Leaving  a  backsight  at  the  point  just  set, 

I  he  sets,  successively,  stations  at  the  points  where  the 
I  foresight  men  have  stood,  in  the  manner  just  described, 
I  until  ne  has  covered  the  new  work— the  mine  boss  or  some 
.  I  intelligent  miner  going  with  him  to  give  him  an  idea  of 
/  I  the  •'  lay  of  the  ground,"  so  that  the  work  can  be  covered 
with  the  fewest  number  of  stations.  Sometimes  the  chief 
takes  the  side  notes  and  measures  the  distances  between 
stations  as  fast  as  they  are  set.  In  a  pitching  place,  a  circu- 
lar brass  protractor  with  small  plummet  is  hung  at  the 
center  of  a  stretched  tape,  to  give  the  angle  at  which  the 
tape  is  held;  this  serves  as  a  check  to  the  measurements 
of  the  transit  party,  which  are  taken  as  the  basis  of  the 
work,  and  the  other  measurements  are  solely  as  checks. 
In  flat  work,  both  measurements  should  coincide. 

In  a  small  corps,  and  where  time  is  of  little  importance,  the  foresight 
man  puts  in  the  stations  ahead  of  the  transit,  and  while  he  is  so  doing  the 
transitman  takes  the  side  notes.  Sometimes  the  side  notes  are  taken  by  the 
same  man,  while  one  of  the  part^  is  taking  the  transit  to  the  next  station 
and  setting  it  up  for  the  next  sight.  There  are  about  as  many  variations 
from  these  two  methods  as  there  are  corps. 

The  foresight  man  should  be  intelligent  and  active,  as  the  amount  of  work 
done  in  a  day  depends  on  his  ability  to  keep  ahead  of  the  transitman.  Some  of 
the  latter  are  fast  enough  to  keep  two  foresight  men  on  the  jump.-  His  duty 
is  to  set  the  center  for  the  next  set-up  under  the  station,  and  also  place  the 
tripod  if  three  are  used  in  the  work,  to  ^ve  the  sight,  and,  in  some  corps,  to 
carry  the  front  end  of  the  tape  and  assist  in  taking  the  distance.  In  some 
corps  he  also  carries  the  bag  with  tools  for  setting  stations,  so  that  he  gen- 
erally has  a  load  that  makes  rapidity  of  movement  difficult,  and  anything 
that  will  diminish  the  weight  carried  will  tend  to  quicken  the  work. 

The  rapidity  with  whion  good  work  is  done  varies  considerably,  but  it 
depends  on  the  activity  of  transitman  and  foresightman,  and  a  good  corps 
should  have  no  trouble  in  making  twelve  set-ups  an  hour,  and  taking 
two  or  three  sights  from  each  set-up.  It  varies  also  with  the  distances 
between  stations.  The  saving  of  time  should  never  be  sought  at  the  expense 
of  accuracy  in  the  work;  it  is  to  be  gained  by  rapidity  of  moving  about,  in. 


axmvEtim  methods. 


er 


fletttng  trangit,  center,  etc.,  and  in  hanslng  plnmmets  to  glre  tiglit.  The 
foresight  man  and  backsight  man  should  be  in  position  to  give  sight  before 
the  transitman  is  ready,  so  that  he  can  turn  his  instrument  on  one  or  the 
other  and  find  them  in  position.  The  slowest  parties  were  those  that  carried 
empty  powder  kegs  (in  the  days  when  loose  powder  was  allowed  inside) 
for  seats,  and  spent  the  greater  part  of  the  time  sitting  on  them. 

The  Dacksignt  man  has  little  to  do  inside,  and  to  compensate  for  this,  he 
is  the  one  that  cleans  and  oils  the  tape,  gets  out  new  plummet  strings,  and 
sees  that  the  tools  are  ready  for  the  next  work,  as  soon  as  the  corps  gets  to 
the  office. 

The  transitman  cleans  the  transit,  unless  the  corps  has  subordinates  that 
can  be  trusted  with  so  delicate  an  instrument.  The  blackening  from 
sulphureted  hydrogen  is  rubbed  ftom  the  silvered  surfaces  with  whiting, 
and  the  oil  or  paint  smears  are  removed  with  alcohol.  Alcohol  should  l^ 
used  instead  or  water  for  cleaning  the  instruments,  and  especially  the  lenses, 
which  are  wiped  with  Jewelers'  cotton  or  soft  chamois  skin. 


SURVEYING    MKTHODS. 

Oottldt  Sorvm.— We  have  spoken  of  the  points  necessary  to  include  in 
the  survey  outrade,  and  how  the  base  line  is  established.  It  remains  to  call 
attention  to  several  points  that  must  be  known  before  the  surface  plant  can 
be  protected  from  settling,  from  the  removal  of  the  deposit  below.  The 
exact  location  of  all  buildings,  lakes,  ponds,  rivers,  railroads,  etc.  is  not 
only  necessary  for  the  making  of  a  correct  map;  it  is  necessary  for  the 
determination  of  the  amounts  and  location  of  the  beds  that  must  be  left 
untouched  by  the  subsequent  mining.  Here  must  be  mentioned  an  error 
that  generally  governs  the  location  of  the  retaining  pillars  to  support  the 
above  and  prevent  damages  to  themselves  or  to  the  mine.  The  settling  of 
the  ground  would  make  all  bodies  of  water  leak  into  the  mine,  and  also 
destroy  to  a  greater  or  less  degree  all  surface  plant,  as  well  as  throw  out  of 
plumb  all  shafts  or  other  openings  for  hoisting,  if  it  did  not  close  them 
entirely.  The  usual  custom  is  to  extend  vertical  planes  through  the  bound- 
ary lines  of  sucdi  objects,  and  leave  untouched  all  parts  of  the  superincum- 
bent beds  embraced  by  those  planes.  This  is  accurate  only  when  the  strata 
are  horizontal  or  vertical,  as  beds  settle  normally  to  the  planes  of  the  strata 
and  not  in  a  vertical  line  in  case  the  open  spaces  are  stowed.  If  the  spaces 
are  left  open,  they  are  first  filled  by  falls,  and  then  the  settling  goes  on 
according  to  the  above  rule.  No  cut  is  necessary  to  show  the  method  of 
settling,  and  the  place  where  the  bed  is  to  be  left  untouched  may  be  found 
as  follows:  Draw  a  vertical  section  through  the  point  to  be  supported,  and  also 
'  the  underlying  bed  on  the  line  of  the  dip  of  the  bedr—the  auction  oeing  a/icurately 
drawn  to  any  scale.  Draw  through  the  eaaremittes  of  the  object  to  be  supported, 
lines  to  the  bed,  which  will  make  right  angles  with  tt.  The  space  included  will 
give  the  dimension  of  the  pillar  measured  along  the  dip  of  the  bed,  and  the 
dimensions  of  the  object  taken  cU  right  angles  to  the  first  plane  will  give  the  other 
dimension  of  the  pillar. 

Insldf  Sarveyt.— As  the  beds  of  anthracite  lie  at  all  angles  with  the  hori- 
zontal plane,  Che  methods  of  surveying  them  vary  accordingly,  and  can  be 
divided  into  fiat  and  pitching  work.  FkU  work  is  where  the  beds  have  so 
slight  a  dip  that  the  cars  can  be  drawn  to  the  face  of  the  room,  and  where 
there  is  nothing  to  prevent  a  sight  to  that  face  from  the  gangway.  The 
variations  in  the  methods  of  work  in  this  case  depend  on  the  accuracy  with 
which  the  work  must  be  performed,  as,  in  some  cases,  the  workings  are 
approaching  the  boundary  line  of  the  property,  and  the  sides  of  the  rooms 
must  be  located  accurately.  In  general,  the  rooms  are  driven  at  right  angles 
to  the  fifangway,  unless  the  dip  is  too  great  to  haul  a  car  to  the  face  on  that 
line,  wnen  they  are  inclined  to  the  gangway  at  an  acute  angle.  The  width 
of  the  rooms  in  flat  work  is  generally  uniform  where  the  roof  is  good,  but 
where  the  roof  is  poor  the  entrance  is  narrowed  for  a  short  distance  (to  better 
support  the  gangway)  and  then  widened  to  the  ftill  width,  or  the  whole  is 
driven  to  the  limit  narrow,  and  the  side  is  robbed  when  the  top  is  drawn, 
and  the  whole  room  caves  in.  This  last  must  be  surveyed  before  the  robbing 
becins 

?rhe  most  accurate  method  of  survey  is  to  run  a  line  along  the  gangway 
and  put  a  station  at  the  entrance  of  each  room,  whence  a  sight  is  taken 
tP  the  &ce.    This  may  be  varied  by  putting  the  stations  at  alternate  rooms 


68  suRVBYma 

and  measuring  through  the  cross-cuts  to  get  the  thickness  of  the  pillars  of 
the  intermediate  rooms,  or  placing  stations  at  every  third  room  and  measur- 
ing the  thickness  of  pillars  and  width  of  rooms  that  intervene;  or,  finally,  by 
running  out  the  gangway  with  as  few  sights  as  possible  and  paying  no  atten- 
tion to  the  positions  of  the  rooms  in  setting  stations,  thence  up  to  the  Jast 
room  to  the  face,  and  back  through  the  cross-cuts  nearest  the  face  to  the 
former  work,  where  a  tie  is  made.  When  opportunity  o£fers,  sights  are  made 
firom  the  face  of  the  rooms  to  the  stations  in  the  gangwav  for  immediate  ties. 
In  case  a  ^;angway  and  airwav  have  been  driven  considerably  ahead  of  the 
rooms,  it  is  always  necessary  to  run  lines  out  each  and  tie  at  the  last  cross- 
cut. This  must  be  done  in  every  case  where  the  gangway  is  approaching  the 
boundary  line,  or  old  workings  that  have  been  abandonea  and  are  fbll 
of  water.  In  addition  to  this  check  the  miners  must  keep  bore  holes  20  ft. 
ahead  in  the  line  of  the  gangway,  and  every  20  ft.  must  drive  others  from 
the  comers  of  the  heading  at  an  angle  of  30^  with  the  line  of  the  gangway. 
In  this  way  there  will  be  no  danger  of  running  into  "a  house  of  water,"  as 
the  Ck)misn  miners  call  it,  if  the  survey  be  inaccurate. 

Pitching  Worl(.— When  the  bed  pitches  so  that  a  car  cannot  be  run  to  the 
face,  and  when  there  ii^  a  good  deal  of  firedamp  in  the  mine,  it  is  generally 
difficult  to  see  ftom  the  gangway  to  the  face,  where  the  roof  Is  good  and  the 
room  straight,  as  a  buggy  track  or  chute,  or  both— when  the  pitch  is  slight- 
fill  up  the  room,  and,  where  the  pitch  is  great,  the  &:angway  pillars  generally 
run  across  the  face,  or  there  is  a  "  battery  "  shutting  off  the  bottom  of  the 
room,  so  that  the  face  can  be  reached  only  by  several  sights.  Where  the 
roof  is  poor,  the  obstructions  are  increased,  as  the  roqms  are  driven  narrower, 
or,  if  wide,  have  center  props  and  stowing  in  the  center.  If  the  coal  is  fCQl  of 
slate,  or  if  the  partings  are  thick,  a  large  part  of  the  room  is  taken  up  with 
piles  of  •'  gob,"  and  with  a  very  poor  roof  the  body  of  the  room  that  has  been 
worked  out  is  filled  with  the  fallen  roof,  and  the  cotd  sent  out  through  the 
triangular  man  ways,  where  it  is  almost  impossible  to  take  a  sight. 

Work  of  this  kind  is  surveyed  l^y  lines  out  gangway  and  back  through  the 
faces  of  the  rooms,  which  are  generally  clear,  even  if  the  bodies  of  the  rooms 
are  filled  with  the  fallen  top.  Where  chance  favors,  sights  are  taken  to  the 
gangway;  but  this  very  seldom  happens,  as  the  two  lines  are  as  effectually 
separated  as  if  in  different  mines.  From  the  stations  in  the  faces,  lines  are 
run  down  the  rooms  as  far  as  possible  to  get  their  direction  and  to  locate 
the  cross-cuts.  The  very  worst  case  of  all  is  where  two  beds  are  separated 
by  a  thin  parting  of  rock  and  the  gangway  is  driven  in  the  lower  one  alone, 
the  rooms  in  the  upper  one  being  worked  by  rock  chutes  into  the  rooms 
below,  or  into  the  chutes  from  those  rooms.  This  class  of  work  is  hard  to 
ventilate,  and  to  survey  where  the  rooms  above  are  ventilated  by  the  air 
system  of  the  lower  beds;  but  is  readily  mapped  where  there  is  an  air  system 
for  each  bed. 

Closing  Surveya.— To  diminish  the  chance  of  error  and  to  fUmish  a  ready 
check,  the  survey  must  be  closed  upon  itself  or  some  part  of  a  former  survey 
with  every  twelve  new  stations.  With  good  work  the  error  in  arc  in  a  close 
should  not  exceed  1',  and  the  error  in  position  should  be  less  than  6  in. 
Errors  must  not  be  "balanced";  they  must  be  detected  and  rectified  by 
running  the  line  again,  if  they  are  not  readily  seen  flrom  the  methods  to  be 
given.  If  an  incorrect  survey  be  balanced,  each  subsequent  one  must  be 
altered  to  fit  this  incorrect  work,  though  it  may  be  correct  in  itself,  and  we 
never  know  where  our  work  really  ^nds.  It  is  well,  therefore,  to  check 
the  work  in  arc  as  soon  as  we  make  a  close  and  before  the  party  leaves  the 
place,  as  it  is  easy  to  rerun  the  work  then. 


CONNECTING  OUTSIDE  AND  INSIDE  WORK  THROUGH  SHAFTS  AND 

SLOPES. 

As  the  dip  of  the  bed  increases,  it  is  less  easy  to  make  a  connection,  and 
the  chances  of  accuracy  diminish.  In  a  survey,  J2.  Coi.Veri.  An^kiswhat 
locates  the  station  witn  regard  to  former  work.  The  greatest  angular 
accuracy  for  a  given  value  of  R  is  where  Vert.  Angle  =  0°  and  B  =  Cos.  Vert. 
Angk.  As  the  pitch  or  vertical  angle  of  sight  increases,  the  above  cosine 
diminishes  until,  at  a  vertical  sight,  R.  Cos.  Vert.  Ang.  =  0°. 

In  the  case  of  an  adit  level,  or  a  slope  of  less  than  45°,  there  is  no  difficulty 
beyond  the  want  of  absolute  rigidity  in  setting  lip  the  transit,  and  the 
danger  of  moving  it  in  going  about  it.    The  difficmty  increases  more  rapidly 


the  telescope  Btrtkea 

hare  amimed  Uul  It  Is  UDoeceasirT  to  uae  ui  addlUouBl  leleacope,  we  atuill 
hare  lo  run  the  line  by  intermedtata.  Bet  up  at  the  botlom  or  the  dope 
whrae  the  longest  light  up  the  same  can  be  aecored  uid  backilsbt  on  a 
■tBtl<»i  Of  the  undeignmnd  work;  or  s^  s  backalght  fbr  the  occasfon  (both 

—  ..._.  ._.,  .„ .  u ^neoled  with  the  work  below).   With  the 

e  alope  on  a  line  thai  will  glre  tlie  longeit 
iBbTd  a  good  Intermediate  place  to  set  up 
■■  or  more,  it  Is  ttbeolutely  necefflary  that  the 
aoUdly  (In  holes  In  the  fioor,  or  between  the 
will  not  be  moved  by  mb«equent  walking 
be  dghts  will  be  taken  from  one  aide  alone, 
™ — .  . ,.-  ....  ..^... ....g  ^thoui 


make  the  dght  possible  ' 

liort'legged. 

of  Uie  slope  locate  B,  where  the  transit  can 


e  man  be  ■hort'legged. 
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lelop,  by  a  series  of  IbTMigbta  ti 


be  slope  as  we  can  Me  (Ihie  dlelanFe  m 

latlon  of  .IB,  locate  C.    Set  up  at  Band  take 


r  the  line  BD,  place  E.    Set  up 

a]-nilnln„  J „ 

Co  vertical  openings,  tbongh  In  metal  mining,  both  In  tbls  country 
abroad,  It  is  also  applied  to  highly  Inclined  dopes.    For  such  shafts,  mc 


BUrrey  ti  csjrled  hy  the 

Ibresighta  to  C.  E.  Q.  etc 

ing  pracUce  1b  applied  only 

both  In  tbls  country  and 


-e  wonhless,  as  they  a 

AMin,  to  Bight  daum  a  chad  nee ._ 

. ._ ,. ,-■ 3<1  tQer*?fore  more  or  It'sa  unsteady}  support  lt_ 

the  tripod  of  the  trandt,  and  the  chances  of  Tarisllon  la  ItsJiOBltlun  ss  we 
stand  on  different  sides  of  It  are  so  great  that  we  cannot  leel  sure  that  a 
moTement  has  not  taken  place  that  will  vitiate  the  work. 

In  sighting  nji  a  Shalt  of  greater  depth  than  100  ft..  there  Is  annoyance— If 
aot  daniei^inim  drlp^ng  water  or  the  fell  of  more  solid  substanoea.  In  a 
wet  abait  the  object  glass  Is  Instantly  coyered  with  water,  and  a  sight  la 

. iwi_     HI .  ^gu  |m,g  J  platfiirm  to  stand  upon,  and  we  cannot 

be  perfMtly  "jgld.    From  all  these  consideTadonB  the 


Imposrible.  _We  most  also  hare^a  jjjj*™^ 
method)  .  . 

uid  the  connections  i 


methods  with  a  IrsiiBit  are  never  used  by  engineera  in  the  anthracite  fe 


When  the  bottom  of  the  shaft  can  be  reached  by  an  adit  or  dope  In  a 
roundabout  route  of  such  length  ss  to  Tender  errors  In  measurement  of  dis- 
tance of  great  imporlanee.  the  angles  are  carried  by  a  transit  with  ss  long 
sights  as  possible,  and  no  distances  ate  measured,  fWini  a  point  on  the  surface 
In  the  shaft  to  a  point  vertically  below  it  in  the  mine,  SomeHmes  the  guide 
of  the  cage  la  taken  when  it  has  been  recently  set,  as  the  guides  arc  plumbed 
Into  posiflon;  bnt  the  better  way  is  to  suapend  an  iron  plummet  by  s  copper 
wire:  shik  tbe  former  in  a  barrel  of  water  so  as  to  Icbbcd  the  tendency  to 
awing  on  aooonnt  of  the  pull  upon  the  "hob"  and  wires  from  thefllrnjur- 
lenta.  or  (ailing  drops  in  a  wet  shslt.  The  lop  of  the  bsrrel  is  covered  with 
two  pieces  of  plank  with  a  aemlclrcular  groove  of  A  in.  radlua  cut  out  of  the 
middle  Ibr  the  paffisge  of  the  wire,  to  catch  tbe  aulwtances  whose  fall  upon 
the  water  would  cause  waves.  The  heavier  the  plummet  and  the  lighter 
the  wire,  the  leaa  the  tendency  to  swing.  This  wire  can  be  sighted  at  by 
parties  above  and  below  at  tbe  same  time,  and  tbe  awing  can  be  bisected 
to  get  the  position  of  the  wire.    A  number  of  sights  that  agree  can  be  taken 

When  the  shait  la  tl 
plumbed  with  two  or  [L     .      . 

wires,  they  are  so  hung  that  ai , 

poaaing  through  them  produced,  and  at  a  sufllclent  distance  from  them  to 
Insure  an  accurate  aighl;  with  more  wires,  the  station  below  can  be  located 
■t  any  point  whence  all  the  wires  can  be  seen, 

Cui  L— Two  wires  are  used,  which  are  located  as  far  apart  as  possible. 
Two  idecee  of  scantling  cd  snd  ef,  Pig,  1,  are  apiked  across  the  opposite  comeis 
Oftwo  oompartments  of  a  shait  to  allow  tbe  cages  lo   pass  up  and  down 
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without  interference.  The  station  X  is  (nmi<hly)  located  in  a  line  throogh 
the  comers  x,  x  and  is  connected  with  the  oniside  survey.  From  this  station 
locate  in  the  line  Xxx  two  spads  for  holding  the  wires  of  the  plumb-bobs. 
These  are  driven  up  to  the  head  in  the  scantlings  in  such  a  way  that  the  line 
of  sight  pctfses  through  the  center  of  the  holes  in  their  heads.  Measure  the 
distances  Xa  und  a  b.    This  completes  the  work  of  the  survey  above  ground. 

The  light  copper  wire  Is  rolled  upon  a 
reel,  and  one  end  is  fitstened  to  a  light 
plumb-bob  to  keep  it  tree  from  coils  or 
kinks  in  descending.  It  can  thus  be 
readily  lowered  without  accident. 
When  at  the  bottom,  the  upper  end 
is  flastened  in  the  spaa  and  the  heavy 
'*bob''  applied  to  the  bottom  and 
Fia.  1.  placed  in  the  empty  barrel.    The  cages 

are  then  run  slowly  up  and  down, 
with  an  observer  on  each,  to  see  that  the  wires  hang  fi*ee  trom  top  to  bot- 
tom. By  this  time  the  wire  will  have  stretched  so  uiat  it  will  be  straight, 
and  if  tnere  be  any  slack,  it  is  taken  up,  the  barrel  is  filled  with  water,  and 
the  top  boards  put  in  place.  As  a  last  check,  measure  the  distance  between 
the  wires  below  and  see  11  it  agrees  with  the  distance  above. 

Lining  in  below  a  point  ron  the  line  ab,  make  a  hole  in  the  roof  two 
inches  in  diameter,  ana  drive  in  a  broad  plug.  Setting  up  the  transit  under 
Y,  we  eight  at  the  wires  a  and  6  alternately.  A  number  of  methods  for  illumi- 
nating the  wires  have  been  used,  and  are  given  in  textbooks.  The  writer  has 
always  found  those  depending  on  a  sieht  of  the  wire  across  the  flame  of  a 
lamp  the  hardest  to  obtain,  and  concludes  from  experience  that  the  method 
of  illuminating  the  wires  for  mine  surveying  is  the  best  for  this  also.  A  large 
white  target  is  placed  behind  both  wires  and  illuminated  by  a  lai^  lamp 
with  a  reflector  behind  it.  The  wire  stands  out  black  against  it  and  can  be 
followed  across  the  target.  As  there  is  considerable  distance  between  the 
wires,  and  as  the  transit  is  comparatively  near  them,  there  will  be  small 
chance  of  getting  a  sieht  of  one,  when  tne  telescope  is  focused  upon  the 
other,  and  so  the  focus  nas  to  be  set  between  them.  This  gives  a  hazy  si^ht 
at  each;  but  both  are  shown  against  the  white  background  in  strong  relief. 
After  the  transit  head  is  shiftm  so  that  the  line  of  ofght  coincides  approxi- 
mately with  both,  focus  upon  them  alternately  and  see  if  the  line  bisects  the 
swing  of  each.  If  so,  the  work  is  done;  if  not,  the  shifting  of  the  transit 
head  must  follow  till  the  end  is  attained.  It  frequently  requires  two  or  more 
liours  of  steady  observation  to  complete  the  work,  and,  when  it  seems  as  if 
the  proper  point  were  secured,  one  of  the  wires  will  show  by  its  swaying  that 
it  has  been  deflected  from  the  vertical  by  a  peculiar  slant  of  wind,  and  the 
result  obtained  must  be  checked  again.  When  you  are  through,  there  is  no 
absolute  certainty  that  the  point  you  have  marked  is  in  the  accurate 
extension  of  the  line  a  6  at  the  surface.  Having  decided  on  the  proper  place, 
you  drive  a  spad  into  the  plug  overhead;  hang  a  plumb-bob  to  it,  and  see  if 
it  be  over  the  axis  of  the  transit,  as  shown  by  the  screw  on  the  telescope.  If 
not,  drive  the  spad  so  that  the  point  of  the  bob  does  so  hang,  and  the  station 
Y  is  said  to  be  m  the  line  a  b.  Measure  Fa  and  the  angles  to  any  station  of 
the  underground  survey;  the  line  a  6  is  connected  with  the  surveys  at  day- 
light and  below,  and  the  plumb-bobs  may  be  removed. 

Criticism  of  tht  Above  Mtthod.— 1.  As  has  been  stated,  there  is  no  absolute 
certainty  that  the  point  Y  is  in  the  line  a  b  prolonged,  and  this  want  of 
certainty  should  not  exist  in  so  important  a  measurement. 

2.  The  work  must  be  performed  by  daylight,  and  the  length  of  time 
necessary  to  complete  it  makes  it  impossible  to  work  the  shaft  for  at  least 
half  a  day,  and  may  cause  annoyance  to  the  operators,  or,  if  you  are  working 
for  a  lessee,  lead  them  to  refrise  to  let  you  have  the  use  of  the  shaft  at  the 
time  most  suitable  for  your  purpose. 

3.  It  may  be  hard  to  obtain  a  long  sight  below  on  any  line  running 
throug:h  the  larger  axis  of  the  shaft.  Any  snorter  line  would  give  too  diort  a 
base  line  and  would  increase  the  chances  of  error.  To  avoid  these,  anotiier 
method  is  sometimes  used. 

Case  2.— Fig.  2  shows  the  top  set  of  timbers  in  a  shaft  of  two  hoisting 
compartments,  down  which  it  is  desired  to  carry  a  known  course  or  m«ri£ 
Ian  on  the  surface  to  the  entry  below.  First  find  out  which  side  of  the 
shaft  is  best  adapted  for  setting  up  the  transit,  as  the  point  to  be  marked  in 
the  mines  will  be  vertically  under  the  point  on  the  surfkce;  consequently 
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Fig.  2. 


the  side  with  the  ^dest  opening  leading  ftom  the  foot  of  the  shaft  should 
be  selected. 

Having  carried  the  meridian  to  a  convenient  point  near  the  top  of  the 
shaft,  and  having  found  that  the  south  side  of  the  shaft  is  the  most  accessi- 
ble, determine,  with  an  ordinary  string,  the  location  of  the  point  A^  Arom 
which  the  hangers  for  the  plumb-lines  wil^  be  exactly  located  by  means  of 
the  transit.  Now  mark  with  chalk  on 
the  timbers  where  the  strings  cross. 
These  marks,  though  not  accurate, 
serve  as  guides  in  setting  the  hangers. 
Make  a  permanent  station  at  the  point 
A  and  carry  the  meridian  to  it. 

The  hangers  can  be  made  of  strap 
iron,  i  in.  thick  by  2  in.  wide,  and  at 
least  16  in.  long.  In  one  end  of  the 
iron,  have  a  Jaw  with  a  fine  cut  at  the 
apex,  or  a  drill  hole  just  large  enough 
to  contain  the  wire  to  be  used  for 
plumbing.  There  should  be  two  or 
three  countersunk  holes  in  the  hanger, 
through  which  to  fasten  it  to  the  um 
hers  by  means  of  heavy  wire  nails.  A 
top  view  of  the  hanger  is  shown  in 
I1g.2. 

in  most  shafts  there  is  a  space  from 
2  to  4  in.  wide  between  the  ends  of 
the  cage  and  the  sides  of  the  timbers; 
and  in  order  to  hoist  and  lower  the  cage  to  see  that  the  wires  are  hanging 
freely,  it  is  best  to  set  the  hangers  in  such  a  position  on  the  timbers  that 
the  wires  will  hang  in  the  middle  of  the  space. 

Fasten  the  hangers  permanently  over  the  chalk  marks  previously  made 
on  the  norUi  side  of  the  shaft,  with  the  Jaws  pointing  toward  A,  and  on  the 
south  side  of  the  shaft  the  out^r  end  of  the  hanger  may  be  fastened 
temporarily. 

Now  set  the  transit  over  the  station  at  A,  take  the  backsight,  foresight  on 
the  wire  hole  of  the  hanger  C  and  set  the  wire  hole  of  the  nanger  B  on  the 
same  line.  Record  this  course  and  foresight  on  the  wire  hole  of  the  hanger 
E,  fixing  as  before  the  wire  hole  of  the  hanger  D  in  the  same  line.  Record 
this  course,  and  then  the  meridian  to  be  earned  into  the  workings  below  is 
established.  Measure  caref\illy  and  record  the  distances  A  U>B,  A  io  C, 
and  Bio  C,  the  distances  A  to  Dy  A  to  E,  and  D  to  £,  and  finally  the  dis- 
tances Bto  D  and  Cto  E.  The  necessity  of  taking  all  these  measurements  is 
for  the  purpose  of  establishing  a  point  at  the  bottom  of  the  shaft  vertically 
below  A,  and  checking  the  work  in  the  office. 

The  transit  party  can  now  descend  to  the  bottom  of  the  shaft,  taking  with 
them  four  buckets  of  oH,  the  weights  or  plumb-bobs  to  be  attached  to  the 
wire,  and  all  the  surveying  instruments,  leaving  a  responsible  party  on  the 
surface  to  handle  the  wires.  Having  arrived  at  the  bottom  of  the  shaft, 
have  the  cage  hoisted  3  ft.  above  the  landing,  throw  several  planks  across 
the  timbers  on  which  to  set  the  buckets  of  oil,  signal  to  the  man  on  top  to 
lower  a  wire  and  to  fasten  it  securely,  passing  it  through  the  wire  hole  of 
the  hanger;  now  attach  the  plumb-bob  and  aalust  the  wire  to  such  length 
that,  when  sustaining  the  fUll  weight  of  the  plumb-bob,  the  latter  will  not 
touch  the  bottom  of  the  bucket.  Insert  the  weight  in  the  oil,  uring  care 
not  to  leave  the  fUU  weight  on  the  wire  witli  a  jerk,  but  let  the  weight 
down  slowly,  so  that  the  wire  receives  the  full  strain  gradually.  Set  the 
three  remaining  wires  in  a  similar  wav. 

After  the  wires  have  been  hanging  a  few  minutes  with  the  weights 
attached,  the  latter  may  move  from  one  side  to  the  other  of  the  buckets. 
Watch  this  carefully  and  keep  moving  the  buckets  until  all  the  weights 
hang  perfectly  free,  then  leave  everything  alone  until  the  wires  become 
steady.  The  cases  can  now  be  hoisted  and  lowered  for  the  purpose  of 
examining  the  wires  to  see  that  they  hang  free  and  plumb,  care  being  twken 
that  the  cages  are  not  brought  so  close  to  the  landings  as  to  disturb  the 
hangers  at  me  top,  or  the  buckets  at  the  bottom. 

Tx>  find  a  point  vertically  below  A,  stretch  a  string  along  the  wires  B,  C, 
being  careftu  not  to  touch  them;  stretch  another  along  the  wires  D,  E; 
then,  with  a  plumb-line,  determine  a  point  on  the  bottom  vertically  below 


ausrtTOfa. 

e  dMsnoM  JB.AD.SD,  and 

_iaft.   IT  aie8edl>tanc«e  oompare  hvorobly.  the  wlrea  ie,  In  all  probabtUty, 
Et«sd;,  and  tlie  work  of  detarralning  the  desired  course  with  the  UaaAl 

Set  the  tranflt  ap  m  _  „ 
the  wlrea  B,  C;  torealghtoi 
and  the  dManoea  with  the  corTeapobd 
airbce.    If  these  do  not  coireepond,  m 


it  the  point  of  Inlertiection  Juit . 


to  tbendre  beyond,  vrhei^>;  bi 


exact  line  wltli  the  wires  mma 

ea^7  than  If  the  llnki  were  not  ttiere. 

Cabb  S.— Two,  three,  or  four  wires  aie 
employed.  They  are  wonred  and  hnns  aa 
before,  and  are  located  In  the  anideB  ofthe 
compartraenW  x,x,x,i!.  Tig.  8.  These  are 
connected  with  four itationBil,  B,C.D,aie 
lines  A  B  and  C  Z>  being  at  right  an^lee  to 
one  another  roi  conTenieDce  in  the  ■nbsS' 
qaent  oalouiailon.  and  ue  connected  with 
ue  ootilde  survey.  From  A  and  B,  taking 
.J  it  aa  a  ban  Hue,  the  polnte  x.'tt,  x,  x  are 
located.  The  same  la  repeated  Iran  C  and 
Z>,  taUnKCi'aaabasellne.  Wetbushave 
Ibur  locations  of  each  wire.  These  are  tab- 
ulated, and  any  variations  In  a  reading 
must  be  followed  by  a  repetition  of  thS 
aame.  The  mean  of  the  reaoingi  gives  the 
location.  (SubBeguently,  the  subject  of  cal> 
culatlng  work  will  be  taken  up.)  It  can  be 
briefly  stated  here  thai  the  bearings  of  each 


to  each  of  the  ot 


base  tine  of  the  surrey,  are  then  calculated 
and  the  distance  between  the  wires  accu- 
rately measured.    This  Bnlsbes  the  work  at 


daylight. 

Sttered'afinllBiTy.    The  first  Is  I 

id  l9  parallel  to  the 


™'  .typos  0 


..   .  le  shaft  Is  .. 
of  the  bed,  and  the  sec< 
nme.    In  both  cases  (1 
lai  apart  as  possible. 
x.x,x,x  located   friii~ 


every  case  of  angle 


_.n  the  wire*  above  and  below 

rately  measured  as  a  check.    There  will  be  (bur  locations  nf  rt 
le  Ibur  wires,  and  the  mpa 


line.  Is  calculated,  and  071b  the  base 

angle  readings  above        ■■    ' 

ent  inetrumenle,  and, 

wait  for  abaolute  quiet  iii  iiiu  wires,  na  i 

can  be  bisected  t^  the  cross-hair,  and 


_takenat,„ 

eerlee  of  tendings  of  each 
Lted  limb,  to  avoid  inattu- 
t  true  reading.  Prom  Uie 
referred  to  the  mean  haae 

underground  work.    The 

be  made  at  the  same  time  with  Ofttur- 
readings  below,  it  Ifl  not  neoesaary  to 
_.,... . — 1.. —  . —  1      A  small  swing 


SR^FIB  Aim  BWfXB 

eoDtUnt  remit  Is  gecuitd.    B;  this  method  a  greater  ac(niia<;y  and  si 
obtained,  and  tbe  anglis  below  can  be  accuralel;  measured,  no  oulte 


the  Hhait  may  be  arrauaed, 
-     -  -  -  rtoiT*-' 

!clal!]       ■     ■ 


Tha  T-9quirt  MttkedT*— TblaiDKenlouBmetbod  of  tablu 

Cund  Ib  egpeclaUy  valuable  Id  enalts  wltb  aeveral  small 
nvniped  places  where  one  cannot  line  la 


with  Uie  wires. 


pamnenU!  and  aa  far  apart  ai  poMdble.  The 
apparatus  is  made  b;  the  carpenter,  and 
conststsofaetr&lghtedgeandTsquarcB.  The 
former  Is  merely  a  planed  pine  board  abont 
Sln.Xlln.andafOotlongeithaDlhe  dinanre 
between  the  wires.  Tt  rests  approximately 
hortsontall;  on  statu  tacked  across  the  shaft 

if  in.  ttora  each  wire  and  then  nailed  to  the 
slats  sufficiently  to  prevent  Blipplna^.  ODe 
man  should  be  at  each  wire.  T^eT  squares 
are  most  serviceable  it  made  with  a  mov- 
able head  clamped  b;  a  thumbscrew,  and 
of  planed  nine,  about  H  In.  x  1  In,  Eiccpl 
in  crainpcd  quai^rs,  the  T  squares  will  be 


mpcd  quai^rs,  the  T  squares  wll)  be 
.    rieht  angles,  and  should  be  placed  together  In  clamping  U 
each  is  set  at  precisely  the  same  angle. 
'-  '  -"■ iped  podtion  such  as  sometimes  arises  and  It 


the  movable  head  gives  more  latitude  In  n 

■!  alonf  ■"-  —  '  '-  - 

e  clamped ty  a ''O"  clamp  both  men  working  at 
'  the  T  squares,  C  and  D,  must  be  supported 
ires  lie  approximately  In  the  same  horizontal  pie 

-  - „    ,    -  -  -, — -  ,-  Jtly 

placed,  but  now  Ihejreatesl  care  mint  bceierciited  In  measuring  out  equal 


loochlng  It,  and  are  there  clamped  by  a ''Q"  clamp  both  men  working  at 

I  square.    The  ends  of  the  T  squares,   C  and  D,  must  be  supported  o_ 
blocks  so  that  the  T  squares  lie  approximately  In  the  same  horizontal  plane. 


T  squares  are  slid  along  the  straightedge  until  close  to  the  wire,  but  ni 
. u.^_ ..  .„j  —  .^ . Bdly  a'%"  clamp  bo"- •■' ■  ~- 

blocks  so  that  the  T  squares  lie  approximately  In  tli 

Everything  up  to  the  ncTt  step  need  be  only  approximately  and  quickly 

placed,  but  now  Ihe  greatest  care  mint  be  eiercised  In  met — ' * 

distance^  J  C  and  BD,  from  the  wires.    If  the  wire  vlbrat—, 

middle  of  It*  swing  by  a  pencil  or  pin.  Hold  a  footmark  (not  the  end  of  the 
tape)  opposite  the  wire  on  the  T  square,  measure  out  an  even  number  of 
feel,  and  mark  the  point  with  a  sharp  pencil,  and  insert  a  pin.  This  done 
for  both  wires  gives  us  the  parallelogram  J  B  i^  C,  In  which  the  only  essential 
Is  that  CD  should  be  exactly  parallel  to  d  B.  the  line  of  the  wires.  Now  Bet 
the  transit  over  the  most  convenient  of  the  two  points,  as  U.  To  get  the 
aHmrfth  of  D  C.  and,  consequeutl  j,  the  line  of  the  wires,  sight  on  a  kcown 
point  E  for  a  tiackslght.  and  measure  the  angle  EDC.    Establish  another 


n  top  lo  bottom  of  the  shaft.  Q 
e  enough.    A  station  cr-  ■•"  — ■- 

Ide  of  the  fbot-wall  plate 

and  others  In  similar  posillonB  --  — -"- 


AD£B.  which  ai 

inucUeslf  d^re<  . . 
iMt  Plunb-Un*  Matlisd.- 


r 
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carried  from  one  point  to  the  other  by  the  ingenious  method  of  the  bent 
plumb-line. 

The  most  complicated  example  which  can  arise  is  shown  in  Fig.  5. 
Establish  a  station  at  A^  the  foot-wall  side  of  the  collar,  the  center  point 
beine  a  small  nail  head  projecting  horizontally.  Attach  a  long  plumb-line 
to  tms  and  carry  the  other  end  to  B.  Here  it  will  probably  be  necessary  to 
use  a  small  screw-eye,  with  its  head  turned  into  the  vertical  plane  of  the 
shaft,  for  the  center  point.  Pass  the  plumb-line  through  this  and  draw  it 
fairly  tight  Now  attach  a  plumb-bob  at  an  intermediate  point  and  regulate 
the  tautness  so  that  the  line  is  clear  at  all  points. 

The  curves  in  the  shaft  may  be  such  that  two  plumb-bobs  may  have  to  be 
hung,  as  at  D  and  E,  and  even  a  third  may  become  necessary. 

The  plumb-line,  perhaps  100  ft.  long,  is  apt  to  be  disturbed  by  the  air- 
currents,  and  it  is  onen  better  to  mark  a  i>oint  on  a  convenient  timber  near 
Z>,  and  another  nec^  £,  so  close  to  the  string  that  there  is  no  doubt  of  the 
points  lying  in  exactly  the  same  vertical  plane  as  the  plumb-line.  If  these 
points  be  once  establiished,  the  string  ana  weights  can  be  taken  out  of  the 
shaft,  leaving  us  four  points  in  the  same  verticaTplane,  and  whose  horizontal 
projections  lie  in  the  same  course. 

Now  set  up  at  A  and  measure  the  azimuth  angle  fW>m  the  backsight  to  Z>, 
thereby  giving  the  bearing  from  A\xi  B.  If  D  should  be  invisible  from  B, 
depress  the  telescope  after  sighting  on  D  and  locate  the  i)oint  N  in  the  same 
vertical  plane,  and  so  situated  that  it  is  visible  firom  both  A  and  B.  Measure 
the  vertical  angle  and  distance  to  N.  Now  set  up  at  £,  use  the  course  B  E  for 
a  backsight,  and  foresight  to  C.  Measure  the  vertical  angle  and  distance 
BN.  It  u  seen  that  B  JSf  mivht  have  been  used  as  a  backaght,  and  E  only 
serves  as  an  additional  checK.  N  is  really  an  intermediate  station,  but  since 
it  lies  in  the  course  AB^a  set-up  there  5s  unnecessary.  In  simple  cases,  it  is  a 
very  convenient  method  of  carrying  a  survey  from  the  sur&ce  to  the  first 
level,  and  a  longer  horizontal  projection  of  the  sight  A  D  can  be  secured 
than  if  a  set-up  were  made  in  the  shaft  at  D\  but  in  complicated  cases,  such 
as  the  one  shown,  it  may  often  be  quicker  to  make  the  extra  set-up  than 
to  use  the  plumb-line.  In  all  sights  for  determining  azimuth,  keep  the 
vertical  angles  as  low  as  possible,  and  the  horizontal  projection  of  the 
course  long. 

Method  by  a  Single  Wire  in  tlie  Slitft.— Stretch  a  rather  fine  wire,  free  from 

kinks,  down  the  shaft,  as  shown  in  Fig.  6,  being  carefril  that  it  touches 

nowhere  in  the  shaft.    Take  two  plumb-bobs  provided  with  fine  round 

strings.    Suspend  one  from  A  and  the  other  from  B  so  that  they  nearly  touch 

the  same  side  of  the  wire  UN,    In  order  to  have  the  plumb-lines  as  £g^  apart 

as  possible,  the  line  at  B  must  be  quite  long  and  a  can  of  water  should  be 

provided  to  keep  the  bob  from  swinging.    The  plumb-line  is  fastened  to  a 

nail  B  nearly  in  the  proper  position.    Have  a  bar  of  wood  with  a  block 

fastened  to  it  placed  to  one  side  of  B  and  a  little  below  it. 

^  s  The  block  must  have  a  hole  so  that  a  small  screw  bolt  can 

easily  screw  through  it.    A  spool  is  run  on  the  bolt  having  a 

small  groove  turned  in  it  and  being  sandpapered  and  greased 

so  that  the  string  will  slip  easily  as  the  bolt  is  turned.    Now, 

place  the  transit  in  line  with  the  two  plumb-bobs  as  in  an 

ordinary  case  of  shaft  plumbine.    Repeat  this  operation  beloW. 

The  plumb-bobs  in  both  cases  nang  in  the  same  vertical  plane 

and  thus  the  true  bearings  are  found  underground.    Even  the 

plumb-lines  could  be  dispensed  with,  but  the  method  would 

not  then  be  so  accurate.    The  instrument  would  be  set  nearly 

in  the  vertical  plane  passing  through  the  wire,  leveled  and 

sighted  at  M.    Dip  the  telescope  until  the  lowest  point  on  the 

Fig.  6.      wire  is  visible,  note  the  amount  by  which  the  cross-hair  and 

wire  fail  to  coincid  e  9,nd  shift  the  instrument  accordingly.    But 

if  this  method  were  tried,  the  two  points  sighted  at  would  not  be  nearly  so 

far  apart  horizontally  as  the  plumb-lines,  and  any  error  in  leveling  would 

also  vitiate  the  result.    This  method  of  the  single  wire,  however,  provides 

no  way  of  obtaining  the  coordinates. 


tlOTES  ON    MAPPING. 

There  are  no  general  rules  governing  the  minutise  of  map  making,  so 
that  it  may  be  well  to  note  some  of  the  variations  in  practice.  In  some 
Offices  the  area  excavated  is  shown  by  a  light  wash  of  Inoia  ink  in  additloo 
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to  the  ink  line  bounding  the  solid  area.  This  makes  a  striking  map,  and 
the  workings  stand  out  prominently.  If  the  survey  were  never  to  be 
extended  and  the  map  were  simply  made  to  show  a  particular  state  of  the 
workings,  there  would  be  no  objection  to  the  practice;  but  as  such  exteu' 
sions  have  to  be  made,  and  old  pillars  removed  or  cut  up,  it  requires  con- 
siderable skill  to  tint  the  extensions,  and  especially  the  surfaces  when 
erasures  have  been  made,  so  as  to  produce  an  effect  uuiform  with  the  old 
tinted  surface,  especially  as  that  tint  has  been  deepened  by  frequent  ban- 
dling.  For  these  reasons  many  offices  omit  the  tint  on  the  map,  but  some  tint 
the  back  of  the  tracing  used  by  the  corps,  or  sent  to  the  mine  inspector. 

It  is  an  open  question  whether  the  enat  of  the  chambers  (breasts,  rooms) 
and  gangways  (entries,  levels)  should  be  closed  with  ink.  It  is  well  to  be 
able  to  show  on  your  map  where  the  faces  of  the  workings  were  at  any  given 
time.  Some  place  the  date  of  each  survey  at  the  ends  of  the  gangways  at 
each  posting,  and  of  evenr  fourth  or  fifth  chamber,  and  thus  note  the  rapid- 
ity MTith  which  the  mine  is  worked.  Others  use  various  colors  to  denote  the 
successive  postings  of  the  survey,  and  place  across  the  ends  of  gangways  and 
chambers  the  color  appropriate  to  the  survey  that  located  Uiem. 

Where  there  are  a  number  of  beds  worked  fh>m  the  same  shaft,  slope,  or 
adit,  the  workings  are  frequently  vertically  above  one  another,  and  their 
location  on  the  same  map  causes  confUsion  unless  care  be  taken.  One  of  the 
methods  used  to  distinguish  between  each  bed  is  to  line  in  the  areas  worked 
with  a  color  appropriate  to  that  bed.  In  this  way,  thiee  or  four  beds  have 
been  plotted  on  the  same  map.  A  better  way  is  to  make  a  map  for  each  bed 
and  to  combine  the  various  beds  on  the  tracings  for  the  officers  and  the  mine 
inspector..  Each  bed  on  this  is  lined  with  its  color,  and  tinted  with  a  wash 
of  the  same  color  on  the  back  of  the  tracing  on  the  parts  excavated. 

The  lines  of  survey  are  lightly  drawn  between  stations  with  red  ink,  and 
the  stations  denoted  by  minute  circles  of  the  same  color  as  that  used  for  that 
particular  seam.  The  survey  lines  should  never  cut  the  circumference  of  the 
circle,  as  such  a  procedure  might  cause  doubt  as  to  the  exact  location  of  the 
station  in  case  measurements  were  made  on  the  map.  Stations  are  numbered 
as  in  the  mine,  and  beneath  each  is  placed  the  elevation  above  or  below  tide 
of  the  roof  of  the  mine.  If  the  stations  are  numerous  and  the  elevations  fre- 
quently taken,  such  a  map  would  frimish  the  means  of  ascertaining  the 
shape  of  the  bed  by  runnmff  contours  through  points  of  eaual  elevation. 
This  plan  was  used  Dva  number  of  engineers  and  wasadoptea  by  the  Second 
(Geological  Survey  of  Pennsylvania  in  making  their  mine  sheets.  The  adop 
tton  of  the  scale  of  100  ft.  to  the  inch,  under  the  ventilation  law,  also  fbr* 
ni^ed  that  survey  with  a  means  of  tracing  and  connecting  adjoining 
properties  and  thdr  workings,  as  had  been  frequently  done  by  large  conf 
names  having  adjacent  collieries,  and  the  maps  of  the  anthracite  regions  oi 
the  Second  Geological  Survey  of  Pennsylvania  nave  been  thus  compiled  from 
tracings  of  office  maps,  with  little  or  no  inside  work  by  the  corpsof  the  survey. 

The  ground  areas  of  all  buildings  are  tinted  a  uniform  red. 

All  railroad  tracks  are  represented  by  red  lines. 

All  bridges,  etc.,  and,  in  ract,  any  improvements  built  by  man,  are  to  be 
colored  red. 

In  the  mine,  the  stations  are  represented  by  a  small  circle  (o)  with  the 
number  in  black  beside  it. 

The  lines  of  survey  are  drawn  between  the  circumferences  of  the  circles 

marking  the  station  o • o,  so  as  to  leave  the  centers  uncolored.    The 

elevations  above  tide  are  marked. 

All  small  bodies  of  water  are  tinted  with  Prussian  blue;  all  large  bodies 
with  indigo—as  Prussian  blue  is  too  vivid  for  large  areas  of  tint. 

It  is  Uie  custom  to  allot  a  color  to  each  bed,  and  make  each  bed  on  the 
general  tracing  in  its  color.  In  this  way  all  the  beds  may  be  mapped  on  the 
same  tracing,  and  can  be  distinguished  though  the  workings  may  all  under- 
lie the  same  area.  Various  colors  are  sometimes  used  to  denote  the  extent 
of  the  workings  at  the  given  postings. 

The  paper  on  which  the  map  is  made  should  be  of  the  best  oualitv,  as 
frequent  changes  in  the  workings,  and  the  removal  of  portions  of  old  pillars, 
necessitate  many  erasures.  Ordinary  paper  will  not  work  well  after  erasure 
and  subsequent  handling,  and  the  best  practice  is  to  use  cloth-backed  egg- 
shell paper. 

It  remains  to  note  that  the  temperature  and  humidity  of  the  office,  and  of 
the  place  where  the  maps  are  stored,  should  vary  as  little  as  possible.  As  the 
scale  is  small,  any  variation  in  the  paper  by  contraction  or  expansion  will 
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affect  the  scale  on  which  the  map  was  originally  laid  out,  and  wHl  affect  it 
unequally,  as  the  pctper  is  not  homogeneous.  Tliis  can  be  seen  by  wiftiriTiy 
measurements  on  ola  maps  to  check  work  done  in  former  times.  Impost 
every  case  the  SOO'  squares  are  slightly  in  error.  This  must  be  guarded 
against  in  case  measurements  are  taken  from  the  map.  It  is  best  to  calculate 
the  distances  wanted  from  the  coordinates  of  tiie  ends  of  the  lines,  and 
insure  absolute  accuracy. 

A  good  map  is  the  sign  of  ^  good  draftsman.  The  title  should  be  subordi- 
nate to  the  map.  It  is  conmion  to  see  the  fifty-cent  map  of  a  small  area 
smothered  under  a  gorgeous  ten-dollar  title.  The  lettering  should  be  neat 
and  approi»:iate,  and  a  style  should  be  adopted  that  can  be  readily  thrown 
off— as  time  is  quite  an  item  in  the  money  made  by  mapping. 

A  neat  Utle,  the  judicious  use  of  tints  over  the  area  excavated,  and  good 

lettering  of  minor  objects  will  add  dollEms  to  the 
value  of  a  map.  A  small  outlay  of  taste  and  care 
will  make  a  beautiful  tracing  out  of  a  ragged  one, 
and  double  its  value. 

Locating  Errors.— Errors  in  arc  or  distance  are 
easily  located  bv  the  method  of  coordinates.  The 
transitman,  at  the  completion  of  a  closed  survey, 
should  sum  the  angles  and  see  if  it  be  860^.  Thus, 
before  leaving  the  mine,  a  check  will  be  established 
on  the  tranaft  work.  In  case  of  a  variation  from 
860^,  the  notes  are  examined  to  see  if  the  needle 
readings  show  a  similar  variation  with  the  vernier. 
In  case  the  notes  are  incomplete,  or,  if  a  continuous 
vernier  has  been  carried,  we  table  the  work  before 
leaving  the  mine  and  locate  the  error  as  follows:  Fig.  7  represents  a  close  of 
four  stations  and  an  angulax  error  at  c.    Starting  from  n  we  table  as  follows: 
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There  is  an  error  in  close  of  30°,  as  the  course  a"b  differs  frx>m  the 
course  a  6  by  30°. 

Reversing  the  order  of  tabling,  and  correcting  each  course  by  30°,  we  have: 


Sta. 

Course. 

Dist. 

N 

100 
50 

8 

E 

w 

♦ 

86.58 
50 

Sums. 

N 

S 

E 

W 

a 

E 

N 
N60W 
S30W 
S70E 

100 
100 
100 
100 

86.58 

100 

100 

150 

63.42 

100 

100 

13.42 

36.58 

Upon  comparing  the  sums  of  the  northings  and  southings  and  eastings 
and  westings  in  both,  we  find  that  c  is  the  oniv  station  for  which  they  agree. 
Here  the  error  occurred.  The  location  of  c  from  either  direction  was  cor- 
rect, and  what  followed  incorrect.    From  this  we  can  deduce  the  rule: 

To  Find  tn  Error  in  Arc— Table  the  close  from  any  station  in  both  directions 
back  to  tile  initial  station.   The  station  which  has  a  similar  sum  of  eastings 
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and  westings  and  northings  and  southings  in  both  tablings  is  the  one  at 
which  the  error  was  made. 

With  two  or  more  errors  nothing  can  be  done. 

Errors  in  Distinoe.— These  may  be  found  in  a  close  by  tabling.  Suppose 
we  have  a  square  abed  bo  placed  that  the  magnetic  meridian  passes 
through  b  d.    Let  the  distance  c  et  be  incorrect. 
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The  first  location  of  a  is  southings  0,  westings  0;  the  second  location  is 
southings  35.35,  westings  35.35.  The  westings  are  sines  and  the  southings 
cosines,  as  stated  before.  As  sin  -»-  cos  =  tang  of  course  referred  to  the  base 
line,  we  divide  35.35  by  35.35  and  obtain  1  as  the  natural  tangent  for  45P,  and, 
as  the  error  was  in  southings  and  westings,  the  course  on  which  the  error 
was  made  is  S  45^  W.  The  amount  of  the  error  is  found  by  dividing  the  error 
in  eastings  or  westings  as  tabled  by  the  sine  of  the  course  just  found,  or  the 
error  in  northings  or  southings  by  the  cosine  of  the  same.  Both  results 
will  agree,  35.35  -i-  70.71  =  .50.  Keducing  the  measured  distance  by  this 
amount,  we  find  the  tabulation  shows  an  accurate  close.  From  this  we 
deduce  the  rule: 

To  Find  in  Error  In  IN easurement— Divide  the  difference  between  the  east- 
ings or  westings  of  the  two  locations  by  the  dlflference  between  the  northings 
or  southings  of  the  same.  The  quotient  will  be  the  tangent  of  the  course  on 
which'  the  error  was  made.  The  extent  of  the  error  is  found  by  dividing  the 
error  in  eastings  or  westings  (as  tabled)  by  the  sine  of  the  above  course,  or 
the  error  in  northings  or  soutnings  by  the  cosine  of  the  same. 

Lociting  Speoiil  Work.—Thls  last  principle  may  be  used  for  finding  the 

g roper  course  and  distance  to  drive  a  tunnel  between  two  stations  connected 
y  a  survey.  In  outside  tunneling,  the  survey  is  eenerally  carried  over  the 
surface  in  a  straight  line.  In  underground  work  this  is  impossible,  so  that  it 
is  a  much  more  difficult  task  to  ascertain  the  distance  and  direction  to  drive, 
firom  the  number  of  measurements  to  be  made  in  connection  with  the  two 
stations,  but  if  the  work  is  accurately  done  it  is  much  more  a  feat  than  in 
outside  work.  To  include  all  the  elements  that  enter  into  such  a  calculation, 
we  will  suppose  that  an  underground  slope  is  to  be  run  between  two  beds  of 
ooal.  The  distance  between  the  two  ends  must  be  accurately  obtained,  as 
well  as  the  relation  of  th^  two  stations  found.  Having  tabled  the  work,  we 
eet  the  difference  between  the  sums  of  sines  and  cosines,  as  Just  described, 
for  the  two  points;  the  quotient  from  dividing  the  first  by  the  second  gives 
us  the  course,  and  fix>m  the  last  rule  the  horizontal  distance  is  found.  The 
levels  give  us  the  difference  in  elevation,  and  from  these  data  we  get  the 
slope  per  hundred,  and  the  distance  measured  on  that  slope.  All  of  the  work 
Is  done  in  the  mine  and  while  the  transit  is  setting  up  at  one  of  the  end 
stations,  so  that  before  leaving  the  mine,  we  can  give  the  course,  pitch,  and 
distance  of  the  tunnel  and  set  the  first  station  for  lining  in  the  center.  The 
more  important  the  work,  the  greater  need  of  accuracy.  In  one  case  a 
l.OOO'  chain  was  constructed  to  measure  the  distance  between  two  shafts 
that  were  to  be  connected  by  work  driven  from  both  ends,  and  much 
of  the  outside  work  was  done  on  the  ice  of  the  Susquehanna  River,  and  a 
transit  reading  to  5"  was  used.  The  work  closed  vertically  and  laterally 
within  an  inch. 

Cilculitlon  of  Areas.— In  connection  with  the  mapping  of  the  part  newly 
worked,  the  engineer  of  the  company  sometimes  calculates  the  area 
excavated  since  the  last  posting,  and  estimates  the  royalties  accruing  to  the 
various  parties  whose  lands  are  leased. 

This  method,  at  best,  is  liable  to  grave  errors,  and  requires  a  number  of 
accurate  cross-sections  of  the  bed  to  determine  its  composition,  as  well  as 
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nuxneroiu  determinations  of  the  specific  ffravity  to  detennine  its  weight 
The  old  method  of  estimating  workable  coal  in  a  property  allowed  1,000  tons 
per  acre  per  foot  of  thickness  of  the  bed.  To  obtain  tms  amount,  the  rooi 
must  be  good,  the  pillars  of  medium  size,  and  the  bed  near  the  surface; 
or  the  surface  must  be  so  valueless  that  the  pillars  can  be  "drawn"  or 
**  robbed."  As  beds  increase  in  depth,  if  the  surnce  be  valuable,  the  ratio 
of  pillars  to  stall  must  increase  or  the  greater  pressure  will  cause  the  mine  to 
cave  in.  It  has  been  found  that,  when  the  surface  is  to  be  kept  up  and  the 
worldngs  are  to  be  carefUllv  driven,  but  850  tons  per  acre  ner  foot  of  thick- 
ness can  be  used  in  calculation,  under  the  present  system  oi  mining.  Efibrts 
are  constantly  being  made  to  increase  this  amount,  with  a  possible  chance 
of  success. 

To  estimate  the  amount  of  coal  excavated  ftom  any  property,  the  best ' 
method  is  to  institute  an  account  of  all  cars  of  coal  taken  out  from  the  work- 
ings under  that  property.  As  soon  as  the  measurements  on  the  mine  tracing 
show  that  a  gangway  or  room  has  crossed  the  property  line,  the  office  is 
notified,  and  all  cars  coming  fh>m  those  places  are  credited  to  that  property. 
This  is  the  only  absolutely  accurate  method  of  computation.  The  total 
number  of  cars  of  coal  run  through  the  breaker  is  known,  with  the  total 
weight  of  prepared  coal.  The  ratio  of  the  cars  coming  fh>m  a  given  property 
to  the  total  number  of  cars  is  taken  as  the  ratio  between  the  total  prepared 
ooal  and  the  coal  sold  from  that  property. 


Fig.  1. 


RAILROAD  OURVBS. 

These  are  arcs  of  circles,  and  are  divided  into  simple,  compound,  and 
reverse  curves.  A  simple  curve  has  but  one  radius,  a  compound  one  is  con- 
tinuous and  has  two  or  more  radii,  and  a 
reverse  one  is  also  continuous  but  com- 
posed of  arcs  described  in  opposite  direc- 
tions. 

Curves  are  designated  by  the  number 
of  degrees  in  the  central  angle,  which  is 
subtended  by  an  arc  whose  chord  if^lOO  ft. 
long.  Thus,  if  the  angle  BOO.  Fig.  1,  is 
10° and  B G is  100 ft.  long,  BGHCUslKP 
curve. 

The  angle  FEC,  formed  by  the  pro- 
longation of  two  adjacent  straight  por- 
tions of  a  railroad;  or  tangents,  as  ihey  are 
technically  called,  is  termed  an  inierteo 
Hon  angle. 

The  deflection  angle  of  a  curve  is  the 
angle  formed  at  any  point  of  the  curve 
between  a  tangent  and  a  chord  of  100  ft., 
and  is  therefore  one-half  the  size  of  the 
degree  of  the  curve.  If  the  chord  BO  is 
100  ft.,  the  angle  EBO  is  the  deflecBon  angle  of  the  curve  BOHC,  and  is 
one-half  the  angle  BOO. 

When  the  deflection  angle  D  is  given,  the  radius  of  the  curve,  E,  is 
found  by  the  formula 
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The  curve  used  to  connect  two  tangents  is  determined  mainly  by  the  form 
of  the  country.  When  this  is  decided,  the  point  of  beginning,  called  the 
P.  C.  (point  of  curve),  and  the  point  where  tne  curve  ends,  called  the  P.  T. 
(point  of  tangent),  must  be  located.  Both  these  points  are  the  same  distance 
from  the  point  of  intersection  of  the  tangents,  called  the  P.  I.  (point  of  inter- 
section). This  distance  is  called  the  tangent  distance  of  a  curve,  and  is  found 
by  the  formula 

T=  ietani  J, 

in  which  7*=  tangent  distance; 

E  ^  radius  of  curve; 
/  —  intersection  angle. 
Having  set  the  tangent  points  B  and  C,  Fig.  1,  in  order  to  locate  points  on 
the  curve,  set  up  the  transit  at  B,  the  P.  C.    Set  the  vernier  at  zero,  and  sight 
to  E,  the  P.  I.   Suppose  £  to  be  a  fUU  station  on  the  tangent,  and  that  ithas 
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ji  at  each  100  ft.    Lei  Ihe  PentnU  a 

■ured by  the  lOO-tT,  chord  BO.be  10°:  Ibeo,  thedeBectlOD ai 


at  Makei  at  each  100  ft.    Let  the  Ceatnl  angle  BOG,  mew- 
'      ■  "~ "      ■        ngleESH,  hartng. 


its  veriei  B  in  the  clrcumferenee,  anil  being  sublenilea  by  tbe  ehoM  B  a, 
win  equal  I  £0  0,  or&°.  Turn  atiangle  ofa^fWim  if,  whichin  tblBcasewill 
be  to  Che  right,  measure  100  It.  from  B.  and  drive  a  etake  at  Q.  Turn  off  an 
■ddiUuual  aiule  of  5°,  maklnir  10°  trom  lero.  and  at  another  100  tl.  meanued 
(torn  a,  and  <&ive  a  >Uke  at  jff.  Continne  Chlaraocea  ODttl  M',  or  one^half 
the  intaraecUon  angle,  hu  been  tamed  off.  Tuii  last  deflection  itUI  bilng 
the  forechaloman  to  the  point  of  tangenc;  C;  or  the  P.  T. 

Wben  the  P.  C.  comes  between  two  Matlons  it  i«  called  a  nibstation.  and 
the  ehoid  between  It  and  tbe  next  Matton  on  the  cnrre  Is  called  a  tubeAonl. 
Had  the  P.  C  been  a  substation,  say  82  R.  b«yond  a  regular  Matioa.  the 
deflection  angle  for  the  meaauring  dlatance  of  100  —  SZ  —  68  ft.  would  be 
(bund  in  this  manner:  The  defleedon  for  100  ft.  is  6°  -  800';  hence,  for  1  ft. 
it  U  ^  -  y,  and  for  fiS  ft.  It  is  3  X  68  =  204'  =  80  24'.  Thia  ia  turned  off 
statlona  are  then  located 
atring,  aay20  ft.  long,  or 


^/-"t^..' 


n  different  perta  of  the 
latance.  or  A  Bjis  then 


—2BP—  ~ ^ 
i  above  example, 

^fy^  -  2.4011  In.  =  200  ft.  11  In. 


rthecuTve/JJniay  befoondastollowai 
>  until  they  meet  and  tbim  the  angle  T.  Biaei 
TC.  Prom  the  point  on  eitherltne  from whic 
I  instance  making  the  point /the  point  of  curve, 
ar  to  C  T.  and  the  point  where  thfa  jolna  the  Tim 
e  curve,  and  the  line  7  C  is  the  radii 


ni  01  laagent,  aa  i/.  araw  a  iine  irom  l,  perpendicular 

111  slaobe  a  radius  of  the  circle  of  which  /  £  is  the 

11  be  the  point  of  tangent. 

;aM»Hnd  Cuma  to  Join  Two  Straliht  Portions  of  Rni. 

opl«d  where  the  railroad  la  required  to  pass  through 

.  T,  Fig.  S  (6),  or  to  avoid  obstructiona. 

curves  are  composed  of  atralght  lines  and  circular 

I  normals.  OH.OP.PI.QJ.  kR,  and  therefore  com- 

e  area  are  joined.   The  normals  are  perpendicular  to 

r  the  road  also;  OHia  perpendicular  to  .^A  X/'la 


r 
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To  find  the  radii  OB.CQ,  Fig.  3  (c).  to  oonnect  two  Btraiglit  lines  of  rail- 
road, AB,  DE^  the  road  has  to  pass  trova.  the  point  B,  through  the  point  O,- 
and  to  touch  me  straight  road  EFbX  any  point  D. 

Join  B  and  C,  make  the  angle  BCO  ^  OBQ  which  is  supposed  to  be 
given,  equal  9QP—TBC,  Draw  BO  perpendicular  toAB,  then  05  —  CO, 
and  is  the  radius  of  the  arc  B  C. 

With  0  £  as  radius,  describe  the  arc  B  C;  draw  CF  perpendicular  to  CQ, 
and  produce  DE to  meet  it  inF;  make  DF  =  CF,  and  draw  D  Q  perpen- 
dicular to EF,  to  meet  CQinQ.  Then  OQ  =  QD,  and  the  radii  OB  and 
Q  2>  are  determined. 

Praotioal  Method  of  Laying  Out  Sharp  Curves  in  a  iNine.^Curves  in  a  mine  are 
usually  so  sharp  that  they  are  designated  as  curves  of  so  many  feet  radius, 
instead  of  as  curves  of  so  many  degrees. 

Suppose  that  it  is  required  to  connect  the  two  headings  A  and  B.Fig.  4  (a), 
which  are  perpendicular  to  each  other,  with  a  curve  of  60  ft.  radius.  Pre- 
pare the  device  shown  in  Fig.  4  (6),  by  taking  three  small  wires  or  inelastic 
strings  f  g,gh,  and  g  k,  each  10  ft.  long,  and  connecting  one  end  of  each  to 
a  small  ring,  and  the  other  end  of  two  to  the  ends  of  a  piece  of  wood  If  ft. 
long.  Form  a  neat  loop  at  the  end  /  of  the  string  gf.  To  use  this  device, 
lay  off  on  the  center  line  of  the  heading  B,  c  d  and  d  e  equal  to  60  ft.  and 

10  ft.,  respectively.  Place  the  loop  /  of  the 
device  described  over  a  small  wire  peg  driven 
in  at  e,  and  the  ring  a  over  a  similar  peg  at  d. 
Take  hold  of  the  stick  h  k,  pull  the  strings  a  h 
and  g  k  taut,  and  place  the  center  mark  on  A  ib 
on  the  center  line  of  the  heading  B.  Drive  a 
small  peg  in  at  m,  located  by  the  point  k,  which 
is  on  the  curve.     Move  the  device  forward. 


Fig.  4. 

taut,  and  the  strings  fa  and  ^  A  are  in  a  straight  line.  The  point  k  wHl  fall 
on  the  curve  at  n,  wnich  mark  by  driving  in  a  peg.  To  locate  other 
points,  proceed  exactly  as  in  the  last  step.  The  distance  c  d  in  any  case 
Is  found  by  the  formula  c  d  =  ii  tan  i  J;  in  which  B  is  the  radius  of  the 
curve,  and  /  the  Intersection  angle  of  the  center  lines  of  the  headings. 


MINTS  TO  BEGINNERS. 

Abuse  of  Instramenta.— Surveying  Instruments  of  value  and  precision  are 
not  made  of  cast  iron,  as  one  would  think  from  the  way  they  are  ft^uently 
handled.  Underground  work  is  transacted  in  places  dark,  dirty,  and  con- 
fined, so  that  extra  care  must  be  observed  to  prevent  accidental  knocks  that 
damage  the  instrument  even  if  they  do  not  destroy  its  accuracy. 
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As  it  frequently  happens  thaUlone  distances  must  be  traversed  under* 
ground  in  going  between  the  shaft  or  8ioi>e  and  the  workings  to  be  suireved, 
the  transit  and  level  should  be  carried  so  as  to  obviate  all  accidents.  Thev 
should  never  be  attached  to  the  tripod  and  carried  on  the  shoulder,  and,  u 
the  route  to  be  passed  over  is  up  or  down  a  slope  or  working  place,  the 
person  carrving  the  instrument  should  be  the  last  to  descend  and  tne  first  to 
ascend,  so  that  loose  stones  or  dirt  that  may  be  dislodged  will  not  affect  or 
endanger  the  instrument  or  trip  the  carrier. 

Be  sure  that  the  tripod  head  is  tightly  screwed  on  to  the  tripod.  The 
writer  remembers  a  case  where  the  transitman  and  himself,  when  new  to 
the  work,  spent  over  an  hour  in  endeavoring  to  obtain  two  readings  of  an 
angle  that  would  agree.  The  variations— fl*om  8'  to  2®— were  caused  by  the 
slight  movement  of  an  old  instrument  with  too  much  "lost  motion,"  and  a 
loose  tripod  head. 

A  great  many  engineers  prefer  kerosene  to  fish  oil  for  their  lamps.  Kero- 
sene never  drops  upon  your  book  to  make  an  unsightly  smear,  ana  perhaps 
obliterate  part  of  your  notes.  A  kerosene  lamp  is  hotter  and,  ymb.  the 
fflazed  mine  hat,  is  more  apt  to  produce  headaches.  The  writer,  during  the 
latter  part  of  his  underground  work,  wore  a  straw  hat,  had  a  piece  of  thin 
sheet  brass  riveted  to  its  front  with  a  hole  in  the  top  for  the  lamp  hook.  To 
the  lamp  was  brazed  a  narrow  cross-strip  of  the  same  meted,  and  the  strip 
ends,  bent  back  nix>n  themselves,  were  slid  down  the  sides  of  the  plate  on 
the  hat  and  kept  the  lamp  from  swaying.  With  such  an  arrangement  it  is 
not  necessary  to  remove  the  lamp  to  read  the  vernier,  and  when  the  lamp 
is  used  for  other  puriKtses,  the  hat  can  be  removed  with  the  lamp  fastened  to 
it.  This  arrangement  keeps  the  hands  free  from  lamp  smoke  or  oil,  and  a 
cleaner  note  book  is  the  result. 

When  there  is  an  antipathv  to  a  lamp  upon  the  head,  and  when,  with  a 
long,  wooden  handle,  one  or  both  hands  are  free  In  going  about  the  work, 
a  larger  lamp  is  used  of  "torch"  pattern,  employed  by  wheel  testers  or 
engineers  in  railroad  practice.  Kerosene  can  be  burned  in  this.  The  handle 
can  be  tucked  under  the  left  arm  while  taking  side  notes.  Such  a  lamp  is 
convenient  in  finding  old  stations  in  a  high  place,  when  there  is  no  firedamp. 

For  plumbing  wet  shafts,  kerosene  resists  the  extinguishing  power  of 
water  better  than  fish  oil,  and  is  less  readily  blown  out  by  a  strong  ventilating 
current.  It  makes  more  smoke,  and,  in  tight  headings,  or  mines  vdth  poor 
ventilation,  with  a  large  party,  fouls  the  air  much  more  readily  than  fish  oil. 
Sometimes  a  mixture  of  the  two  is  burnt  in  very  drafty  places,  where  it  is 
hard  to  maintain  a  light.  Kerosene  is  burned  in  the  plummet  lamp  unless 
it  is  used  with  the  "safety"  attachment.  Sweet  oil,  or  any  oil  Duming 
without  smoke,  must  then  be  used.  Smoke  clogs  the  openings  in  the  gauze, 
restricts  the  entry  and  escape  of  ^ses,  and,  especially  if  the  gauze  be  damp 
with  oil,  may  ignite  and  commumcate  the  name  fh>m  within  to  the  outside 
body  of  gas. 

white  lead  or  Dutch  white  (white  lead  and  sulphate  of  baryta  in  equal 
parts)  is  best  for  painting  stations.  Zinc  white  has  been  tried  with  less 
success.  The  mixture  should  not  contain  too  much  linseed  oil— especially 
in  wet  places— or  it  will  run  and  destroy  the  witness. 


THEORY  OF  STADIA   MEASUREMENTS. 

By  Abthtjb  Winslow.* 
Late  Assistant  Geologist,  Second  Geological  Survey  of  Pennsylvania  State 

Oeologist  of  Missouri. 

The  ftmdamental  principle  on  which  stadia  measurements  are  based  is 
the  geometrical  one  that  the  lengths  of  parallel  lines  subtending  an  angle  are 
proportional  to  their  distancesfrom  its  apex.  Thus  if,  in  Fig.  1(a),  a  represents 
the  length  of  a  line  subtending  an  angle  at  a  distance  d  tram  its  apex,  and  a' 
the  lenirth  of  a  line,  parallel  to,  and  twice  the  length  of,  a  subtending  the 
same  angle  at  a  distance  d'  from  its  apex,  then  d'  will  equal  2d. 


*  Mr.  Wiiulow's  calonlatlons  and  tables  hare  been  proved  practically  correct  by  the  several 
eorps  of  the  Second  Geological  Sarvev  of  Pennsylvania.  The  corps  in  the  anthracite  regions,  under 
directions  of  Mr.  Frank  A.  Hill,  geologist  in  charge,  took  over  30,000  stadia  sights,  and  better 
leanlta  were  obtained  when  tie  surveys  were  made  than  in  previous  work  in  which  distances 
i«halmed. 
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This  is,  in  a  general  way,  the  underlying  principle  of  stadia  work;  the 
nature  of  the  instruments  used,  however,  introduces  several  modifications, 
and  these  will  be  best  understood  by  a  consideration  of  the  conditions  under 
which  such  measurements  are  generally  made. 

There  are  placed  in  the  telescopes  of  most  instruments  fitted  for  stadia 
work,  either  two  horizontal  wires  (usually  adjustable),  or  a  glass  with  two 
etched  horizontal  lines  at  the  poation  of  the  cross-wires  and  equidistant 
fh>m  the  center  wire.  A  self-reading  stadia  rod  is  Airther  provided,  gradu- 
ated according  to  the  units  of  measurements  used.    In  a  horizontal  sight 

with  such  a  telescope  and  rod, 
the  positions  of  the  stadia  wires 
are  projected  upon  the  rod.  and 
intercept  a  distance  which,  in 
Fig.  1  (6),  is  represented  by  a. 

In  point  of  £Eict.  there  is 
formed,  at  the  position  of  the 
stadia  wires,  a  small  conjugate 
image  of  the  rod  that  the  wires 
intersect  at  points  b  and  c, 
which  are,  respectively,  the 
foci  of  the  points  B  and  C  on 
the  rod.  If;  for  the  sake  of 
simplicity,  the  object  fflass  be 
ooiuiderea  a  simple  biconvex 
lens,  then,  by  a  principle  of 
optica  the  rays  from  any  point 
of  an  object  converge  to  a  focus  at  such  a  position  that  a  straight  line,  called 
a  secondary  axis,  connecting  the  point  with  its  image,  passes  through  the 
center  of  the  lens.  This  point  of  intersection  of  the  secondary,  axes  is 
called  the  optical  center.  Hence,  it  follows  that  lines  such  as  c  (7  and  6  B, 
in  Fig.  1(b),  drawn  from  the  stadia  wires  through  the  center  of  the  object 
glass,  will  intersect  the  rod  at  points  correspondinflr  to  those  that  the  w 
cut  on  the  image  of  the  rod.    From  this  follows  the  proportion: 


Fig.  1. 


P 
d  = 


a 
T 

a. 


(1) 


where 


d  —  distance  of  rod  from  center  of  objective; 
p  =  distance  of  stadia  wires  from  center  of  objective; 
a  =  distance  intercepted  on  rod  by  stadia  wires; 
/  =  distance  of  stadia  wires  apart. 


If  p  remained  the  same  for  all  lengths  of  sight,  then  y-  could  be  made  a 

desirable  constant  and  d  would  be  directly  proportional  to  a.  Unfortunately, 
however,  for  the  simplicity  of  such  measurements,  p  (the  focal  length)  varies 
with  the  length  of  the  sight,  increasing  as  the  distance  diminishes  and  vice 
versa.  Thus,  the  proportionality  between  d  and  a  is  variable.  The  object, 
then,  is  to  determine  exactly  what  function  a  is  of  d  and  to  express  the  rela- 
tion in  some  convenient  formula. 

The  following  is  the  general  formula  for  biconvex  lenses: 

/is  the  principal  focal  length  of  the  lens,  and  p  and  p'  are  the  focal  distances 
of  image  and  object,  and  are,  approximalely,  the  same  as  p  and  d,  respectiv^y, 
in  equation  (1): 

-T  =»  y,  approximately, 

d        d_ 

^    A     -^ 

a       a 

7-r 
•  A, 

d-^^o-f./.  (8) 


Therefore, 


h 


and 


From  (1), 


Whence, 
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In  this  formula,  it  will  be  noticed  that  as  /  and  I  remain  constant  for 
sights  of  all  lengths,  the  factor  by  which  a  is  to  be  multiplied  is  a  constant, 
and  that  d  is  thus  equal  to  a  constant  times  the  length  of  a,  plus/.  This  for- 
mula would  seem,  then,  to  express  the  relation  desired,  and  it  is  generally 
considered  as  the  fundamental  one  for  stadia  measurements.    As  above 

stated,  however,  the  equation  — I-  -=-  =  -v  is  only  approximately  true,  and 

P        a>         J 
the  conjunction  of  this  formula  with  (2)  being,  therefore,  not  rigidly  admissi- 
ble, equation  (3)  does  not  express  the  exact  relation.'^  Tne  equation  express- 
ing the  true  relation,  though  differing  ft-om  (3)  in  value,  agrees  with  it  in 

f 
form,  and  also  in  that  the  expression  corresponding  to  y-  is  a  constant,  and 

that  the  amount  to  be  added  remains,  practically,  /.    The  constant  corre* 

sponding  to  -j  may  be  called  Jbf,  and  thus  the  distance  of  the  rod  from  the 

objective  of  the  telescope  is  seen  to  be  equal  to  a  constant  times  the  reading 
on  the  rod,  plus  the  principal  focal  length  of  the  objective.  To  obtain  the 
exact  distance  to  the  center  of  the  instrument,  it  is  further  necessary  to  add 
the  distance  of  the  objective  from  that  center  to/*,  which  sum  may  be  called  c. 
The  final  expression  for  the  distance,  with  a  horizontal  sight,  is  then 

d  =*  ka-\-  c.  (4) 

The  necessity  of  adding  c  is  somewhat  of  an  encumbrance.  In  the  stadia 
work  of  the  U.  8.  Grovemment  surveys,  an  approximate  method  is  adopted  in 
which  the  total  distance  is  read  directly  fl-om  the  rod.  For  this  method  the 
rod  is  arbitrarily  graduated,  so  that,  at  the  distance  of  an  average  sight,  the 
same  number  of  units  of  the  graduation  are  intercepted,  between  the  stadia 
wires  on  the  rod,  as  units  of  length  are  contained  in  the  distance.  For  any 
other  distance,  however,  this  proportionality  does  not  remain  the  same;  for, 
according  to  the  preceding  demonstration,  the  reading  on  the  rod  is  propor- 
tional to  its  distance,  not 
from  the  center  of  the  in- 
strument, but  fi*om  a  point 
at  a  distance  "  c  "  in  front 
of  that  center,  bo  that, 
when  the  rod  is  moved 
irova.  the  position  where 
the  reading  expresses  the 
exact  distance,  to  a  point 
say  half  that  distance  fl*om 
the  instrument  center,  the 
reading  expresses  a  dis-, 
tance  less  than  half;  and, 
at  a  point  double  that  dis- 
tance firom  instrument  cen- 
ter, the  distance  expressed 
by  the  reading  is  more 
than  twice  the  distance. 
The  error  for  all  distances 
less  than  the  average  is 
minus,  and  for  greater  dis- 
tances, plus.  Tne  method 
is,  however,  a  close  approx- 
imation, and  excellent  re- 
sults are  obtained  bv  its  use. 

Another  method  of  get- 
ting rid  of  the  necessity  of 
admng  the  constant  was 
devised  by  Mr.  Porro,  a 
Piedmontese,  who  constructed  an  instrument  in  which  there  was  such  a 
combination  of  lenses  in  the  objective  that  the  readings  on  the  rod,  for  all 
lengths  of  sight,  were  exactly  proportional  to  the  distances.  %  The  instrument 

•  Thii  is  demonstrated  later  on. 

t  ft  it  dependent  on  /,  and  can  therefore  be  made  a  convenient  valne  in  any  instrument  fitted 
with  adjustable  stadia  wires.  Jt  is  generally  made  equal  to  100,  so  that  a  reading  on  the  rod  of  1' 
oorresponds  to  a  distance  of  100'  -\-  f. 

X  A  nolioe  of  this  instrument  will  be  found  in  an  article  bj  Hr.  Benjamin  Smith  Lyman, 
entitled '*  Telescopic  Measurements  in  Surveying,"  In  "Journal  Franklin  Institute,"  May  and 
JaxMt  186B,  and  »  ftUler  description  it  contained  in  **  Annalee  des  Mines,"  Vol.  XVI,  fourth  series. 
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was,  however,  bulky  and  difficult  to  construct,  and  never  came  into 
extensive  use. 

For  stadia  measurements  with  inclined  sights,  there  are  two  modes  of 
procedure.  One  is  to  hold  the  rod  at  right  angles  to  the  line  of  sight;  the 
other,  to  hold  it  vertical.  With  the  first  method,  it  will  be  seen,  by  reference 
to  Fig.  2  (a),  that  the  distance  read  is  not  to  the  foot  of  the  rod  E,  but  to  a  point 
/,  vertically  under  the  point  F,  cut  by  the  center  wire.  A  correction  has, 
therefor^,  to  be  made  for  this.  An  oblection  to  this  method  is  the  difficulty 
of  holding  the  rod  at  the  same  time  in  a  vertical  plane  and  inclined  at  a 
definite  angle.  Further,  as  the  rod  changes  its  inclination  with  each  new 
position  of  the  transit,  the  vertical  angles  of  backsight  and  foresight  are  not 
measured  from  the  same  point. 

The  method  usually  adopted  is  the  second  one,  where  the  rod  is  always 
held  vertical.  Here,  owing  to  the  oblique  view  of  the  rod,  it  is  evident  that 
the  space  intercepted  by  the  wires  on  the  rod  varies,  not  only  with  the  dis- 
tance, but  also  with  the  angle  of  inclination  of  the  sight.  Hence,  in  order 
to  obtain  the  true  distance  flrom  station  to  station,  ana  also  its  vertical  and 
horizontal  components,  a  correction  must  be  made  for  this  oblique  view  of 
the  rod.    In  Fig.  2  (&), 

AB   »»  a  =  reading  on  rod; 

MF  =  d  =  inclined  distance  =  c  +  OF  =>  c  +  i.  CH; 
MP   =  D  =  horizontal  distance  =  d  cos  n; 
FP    »=  Q  =  vertical  distance  =  2>  tan  n; 
n     =  vertical  angle; 
AGS  =*  2fn. 

It  is  first  required  to  express  d  in  terms  of  a.  n,  and  m. 
From  the  proportionality  existing  between  the  sides  of  a  triangle  and  the 
sines  of  the  opposite  angles, 

AF rinwi 

GTf  ~  sin  [9(P  +(»  — OT)]' 

or,  AF  =  GF^nm 

and 


cos  (n  —  m  )  * 
BF  sinm 


•      OF       sin[9(y'  — (n+m)]' 
or,  BF  =  OF^nm 


cos(n  +  m)* 

or  AF+BF^  OFOnml j^ r  + j^ -1; 

Lcos  (n  —  m)      cos  (n  + in)  J' 

AF+  SP  =  o,  and  GP=.^^  -  ^^^. 

2    tanm      .  2    sinm 

By  substituting  and  reducing  to  a  common  denominator, 

_  CH  cos  TO  [cos  (n  -f-  m)  +  cos  (n  —  m)] 
""     2  cos(»  +  m)  cos(n  — w) 

Reducing  this  according  to  trigonometrical  formulas, 

_ __         cos*n  cos*TO  —  sin*n  sIn*TO 

(7H=  a 5 1 

cos  n  cos2  TO 

as  d  =  MF  =»  c  +  Jfe.  CB. 

.  .  .     coS»n  co^TO  —  sin'n  sin^m 

cos  n  cos*  TO 
The  horizontal  distance,  D  =  d  cos  n. 

.*.  D  =  ccosn  +  Jfcacos^n  — *asin*wtan*TO. 
The  third  member  of  this  equation  may  safely  be  neglected,  as  it  is 
very  small  even  for  long  distances  and  large  angles  of  elevation  (for 
1,50(K  n  =  45°  and  *  =  100,  it  is  but  0.07').  Therefore,  the  final  formula  for 
distances  with  a  stadia  rod  held  vertically,  and  with  wires  equidistant  fh>ni 
the  center  wire,  is  the  following: 

D  =  ecoBfi  +  akco^n,  (6) 
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or, 


The  vertical  distance  Q  is  easily  obtained  ftom  the  relation:  Q 

.*.    Q  =  csinn  +  aJbcosnsinn; 

r\         _i        .      1 8in2n  ,.. . 

Q  =»  csinn  +  at— 5 — .  (6)* 


Dtann. 


With  the  aid  of  formulas  (5)  and  (6),  the  horizontal  and  vertical  distances 
can  be  immediately  calculated  when  the  reading  ttova.  a  vertical  rod  and 
the  angle  of  elevation  of  any  sight  are  given.  From  these  formulas,  the 
stadia  reduction  tables  following  have  been  calculated.  The  values  of  a  A;  cos^  n 

sin  2  71 
arid  ah  — - —  were  separately  calculated  for  each  2  minutes  up  to  30° 

of  elevation;  but,  as  the  value  of  c  sin  n  and  c  cos  n  has  quite  an  inappre- 
ciable variation  for  1°,  it  was  thought  sufficient  to  determine  these  values 
only  for  each  degree.  As  c  varies  with  different  instruments  these  last  two 
expressions  were  calculated  for  three  different  values  of  c,  thus  flimishing 
a  ratio  firom  which  values  of  c  sin  n  and  c  cos  n  can  be  eacdly  determined 
for  an  instrument  having  any  constant  (c). 

Similar  tables  have  been  computed  by  J.  A.  Ockerson  and  Jared  Teeple, 
of  the  United  States  Lake  Survey.  Their  use  is,  however,  limited,  from  the 
fact  that  the  meter  is  the  unit  of  horizontla]  measurement,  while  the  eleva- 
tions are  in  feet.  The  bulk  of  the  tables  fUmishes  differences  of  level  for 
stadia  readings  up  to  400  meters,  but  only  up  to  10°  of  elevation.  Supple- 
mentary tables  give  the  elevations  up  to  80°  lor  a  distance  of  1  meter.  For 
obtaining  horizontal  distances,  reference  has  to  be  made  to  another  table, 
which  is  somewhat  an  objectionable  feature,  and  a  multiplication  and  a 
subtraction  has  to  be  made  in  order  to  obtain  the  result.  Last,  but  not  least, 
these  tables  are  apparently  only  accurate  when  used  with  an  instrument 
whose  constant  is  .43  meter. 

The  many  advantages  of  stadia  measurements  in  surveving  need  not  be 
dwelt  on  here,  both  because  attention  has  been  repeatedly  called  to  them, 
and  because  they  are  self-evident  to  every  engineer.  Neither  will  it  be 
within  the  compass  of  this  article  to  describe  the  various  forms  of  rods  and 
instruments,  or  the  conventionalities  of  stadia  work. 

It  is  seen  that,  in  the  deduced  formula,  the  factor  by  which  the  reading 
on  the  rod  is  multiplied  is  a  constant  for  each  instrument.  The  question 
now  arises.  Does  this  remain  trie  case  with  a  compound  objective? 

In  view  of  the  difficulty  of  demonstrating  this  mathematically,  it  was 
decided  to  make  a  practical  test  of  this  point  with  a  carefully  adjusted 
instrument.  The  readings  were  taken  from  two  targets  set  so  that  the  sight 
should  be  horizontal,  thus  preventing  any  personal  error  or  prejudice  from 
affecting  the  reading.  A  distance  of  500  it.  was  first  measured  on  on  a  level 
stretch  of  ground,  and  each  50-ft.  point  accurately  located.  From  one  end 
of  this  line,  three  successive  series  of  stadia  readings  were  then  taken  from 
the  first  60-ft.  and  each  succeeding  100-ft.  mark.  The  following  table  con- 
tfidns  the  results: 


Spaces  Intercepted  on  the  Rod. 

Distances. 
Feet. 

1st  Series. 

2d  Series. 

8d  Series. 

Mean. 

Feet. 

Feet. 

Feet. 

Feet. 

60 

.485 

.4860 

.4855 

.4855 

100 

.965 

.9870 

.9830 

.9850 

200 

1.965 

1.9860 

1.9840 

1.9850 

800 

2.989 

2.9875 

2.9870 

2.9878 

400 

8.983 

3.9800 

3.9890 

3.9840 

500 

4.985 

4.9850 

4.9900 

4.9867 

Multiplying  the  mean  of  these  readings  by  100,  and  subtracting  the  result 
from  the  corresponding  distance,  we  obtain  the  following  table: 


*The  above  demonitration  is  sabatantially  that  gtven  bv  Mr.  Gteorge  J.  Bpeoht  In  an  article 
on  Topograpbioal  Sarreying  in  "Vaa  Noitrand'a  Engineering  Magazine,"  February,  1880, 
UuNi^  ralarged  and  oorzeoted* 
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Distances. 
Feet. 

Mean  of 

Stadia  Readings 

Times  100. 

Feet. 

Differences. 
Feet. 

Variations 

From  Mean. 

Feet. 

50 
100 
200 
300 
400 
500 

48.55 
98.50 
198.50 
298.78 
398.40 
498.67 

1.45 
1.50 
1.50 
1.22 
1.60 
1.33 

+  .02 
+  .07 
+  .07 
—.21 
+  .17 
—  .10 

Sum  of  differences  =  8.60;  mean  of  difference  =  1.43. 

The  variations  between  the  numbers  of  the  column  of  differences  are 
slight,  the  maximum  from  a  mean  value  of  1.43  ft.  being  only  .21  ft.  A 
study  of  the  tables  will  show  that  these  variations  have  no  apparent  rela- 
tion to  the  length  of  the  sight,  and  as,  in  the  maximum  case,  the  variation 
corresponds  to  a  reading  on  the  rod  of  only  .0021  ft.  (an  amount  much 
within  the  limits  of  accuracy  of  any  ordinary  sight),  we  are  perfectlyjustified 
in  concluding  that  these  vanatlons  are  accidental,  and  that  the  "difference" 
is  a  constant  value. 

We  thus  see  that  with  a  telescope  having  a  compound,  plano-convex 
objective,  tiie  horizontal  distance  is  equal  to  a  constant  times  the  reading  on 
the  rod,  plus  a  constant^  and  may,  as  in  other  cases,  be  expressed  by  the 
equation  d  =  ak  +  c. 

A  few  precautions,  necessary  for  accurate  work,  should,  however,  be 
emphasized.  Blrst,  as  regards  the  special  adjustments:  Care  should  be 
taken  that  in  setting  the  stadia  wires*  allowance  be  made  for  the  instru- 
ment constant,  and  that  the  wires  are  so  set  that  the  reading,  at  any  dis- 
tance, is  less  than  the  true  distance  by  the  amount  of  this  constant.f 

For  accurate  stadia  work,  it  is  better  to  take  both  distances  and  elevations 
only  at  alternate  stations,  and  then  to  take  them  from  both  backsight  and 
foresight  in  such  a  manner  that  the  vertical  angle  is  always  r^id  from  the 
same  position  on  each  rod,  which  should  be  the  average  height  of  the 
telescope  at  the  different  stations. 

Cases  will,  of  course,  occur  where  this  method  will  be  impracticable,  and 
then  the  mode  of  procedure  must  be  left  to  the  judgment  of  the  surveyor.  If 
it  be  desired  to  have  the  absolute  elevation  of  the  ground  under  the  instru- 
ment, the  height  of  telescox)e  at  each  station  will  have  to  be  measured  by  the 
rod,  and  the  difference  between  this  measurement  and  the  average  height 
used  in  sighting  to  the  rod  either  added  or  subtracted,  as  the  case  may  be. 
This  difference  will  ordinarily  be  so  small  that  in  a  great  deal  of  stadia 
work  no  reduccion  will  be  necessary.  In  sighting  to  the  rod  for  the  angle  of 
depression  or  elevation,  the  center  horizontal  wire  must  always  be  used.  By 
this  means  an  exactly  continuous  line  is  measured.  For  theoretical  exact- 
ness it  is  necessary  tnat  the  stadia  wires  should  be  equidistant  ftrom  the 
horizontal  center  wire,  for,  if  this  is  not  the  case,  the  distance  read  is  for  an 
ang:le  of  elevation  differing  from  the  true  one  by  an  amount  proportional  to 
the  displacement  of  the  wires. 

With  reasonable  care  a  high  degree  of  accuracy  can  be  attained  in  stadia 
measurements.  The  common  errors  of  stadia  reading  are  unlike  the  common 
errors  of  chaining,  the  gross  ones  (such  as  making  a  difference,  of  a  whole 
hundred  feet)  being,  in  general,  the  only  important  ones,  and  these  are 
readily  checked  by  double  readings.  To  facilitate  the  subtraction  of  the 
reading  of  one  cross-hair  from  that  of  another,  one  should  be  put  upon  an 

•  This  applies  to  an  Instrument  with  nMvable  stadia  wires,  and  not  to  one  with  etched  lines  on 
ilass.  In  the  latter  case,  the  graduation  of  the  rod  is  the  adjustable  portion.  It  has  been 
claimed  as  an  advantage  for  etched  lines  on  glass,  that  they  are  not  affected  by  variations  of 
temperature,  while  the  distance  between  stadia  wires  is.  A  series  of  tests  made  with  one  of 
Heller  ft  Brightly's  transits,  to  determine  this  point,  showed  no  appreciable  alteration  in  the 
space  between  the  wires,  as  measured  on  a  rod  500  ft.  distant,  with  a  range  of  temperature 
between  that  produced  In  the  instrument  by  the  sun  of  a  hot  summer's  day  and  that  prodoced  by 
enveloping  the  telescope  In  a  bag  of  ice. 

tAs  the  difference  ia  evidently  proportional  to  the  leng^  of  sight,  with  a  1,000'  aifbt  it  would 
tmoant  to  tiJ^,  eto. 
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even  footmark,  and  in  the  check,  reading  the  other  one.  This  is  assuming 
the  measurements  to  be  made  by  the  ordinary  method,  and  not  by  the 
approximate  one  of  the  United  States  Engineers. 
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HORIZONTAL  DISTANCES  AND   DIPPERENGCS  OP  LEVEL  POR 

STADIA  MEASUREMENTS. 

The  formulas  used  in  the  computation  of  the  following  tables  were  those 
given  by  Mr.  George  J.  Specht  in  an  article  on  Topographical  Surveying, 
published  in  "  Van  Nostrand's  Engineering  Magazine"  for  February,  1880. 
These  formulas  ftimish  expressions  for  horizontal  distances  and  differences 
of  level  for  stadia  measurements,  with  the  conditions  that  the  stadia  rod 
he  hdd  vertical,  and  the  stadia  wires  be  equidistant  from  the  center  wire. 
They  are  as  follows: 
D  =  ccosn  +  afccos^n; 

y^        T^*                ^        .  o*sin2« 
Q   =  D  tan  n  =  c  sin  n  4 ; 

D  —  horizontal  distance; 

Q  =  diflference  of  level; 

c  ==  distance  from  center  of  instrument  to  center  of  object  glass,  plus  focal 

length  of  object  glass; 

h  =  focal  length  of  object  glass  divided  by  distance  of  stadia  wires  apart; 

a  =  reading  on  stadia  rod; 

n  =  vertical  angle; 

ak  =  reading  on  rod  multiplied  by  fc,  which  is  a  constant  for  each  instrument 

(generally  100). 

In  the  tables,  the  vertical  columns  consist  of  two  series  of  numbers  for 

each  degree,  which  series  represent,  respectively,  the  diflferent  values  of 

CL  Aj  sin  2  ft 
a  k  cos*  n  and for  every  2  minutes,  when  a  Jfc  =«  100.    To  obtain  the 

horizontal  distance  or  the  diflference  of  level  m  any  case,  the  corresponding 
value  of  c  cos  n  or  c  sin  n  must  ftirther  be  added;  and  the  mean  of  each  of 
these  expressions,  for  each  degree,  with  three  of  the  most  common  values  of 
c,  is  given  under  each  colnmn. 

As  an  example,  let  it  be  required  to  find  the  horizontal  distance  and  the 
diflTerence  of  level  when  n  =  +6°18',  ak  =  570,  and  the  instrument 
constant  c  =  .76.  In  the  column  headed  0°,  opposite  18'  in  the  series  for 
"  Hor.  Dist.,"  we  find  98.80  as  the  expression  for  ak  cos* n  when  ak  =  100; 
therefore,  when  ak  =  570, 

ak  cos»n  «=  98.80  X  5.70  =-  563.16. 

To  this  must  be  added  c  cos  n,  which,  in  this  case,  is  found  in  the  subjoined 
column  to  be  .75. 

In  a  similar  manner,  the  required  difference  of  level  is 

( + 10.91  X  5.70)  -f  .08  =  -f  62.27. 

One  multiplication  and  one  addition  must  be  made  in  each  case. 

It  is  to  be  noticed  that,  with  the  smaller  angles,  cos  n  in  the  expressions 
c  cos  n  and  c  sin  n  mav  be  entirely  neglected  without  appreciable  error. 

For  values  of  c,  which  differ  from  those  given,  an  approximate  correction, 
proportional  to  the  amount  of  difference,  may  very  easily  be  made  in  these 
two  expressions. 
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ELEMENTS  OF  MECHANICS. 

Only  the  elements  of  machines  are  here  treated,  as  all  machinery,  how- 
ever complicated,  is  merely  a  combination  of  the  six  elementary  forms,  viz.: 
the  (ever,  the  wlteel  and  aale^  the  puUey,  the  inclined  plane,  the  wedge,  and 
the  screw;  and  these  six  can  be  still  ftirther  reducea  to  the  lever  and  the 
inclined  plane.  They  are  termed  mechanical  powen,  but  they  do  not 
produce  force;  they  are  only  methods  of  applying  and  directing  it. 

The  law  of  all  mechanics  is: 

The  power  muUiplied  bv  the  distance  throujgh  which  it  moves  is  equal  to  the 
weight  multiplied  by  the  distance  through  which  it  moves,     _ 

Thus,  201b.  of  power  moving  through  6ft.*=  1001b.  of  weight  moving 
through  1  ft.  In  the  following  discusaon  flriction  is  not  considered,  the 
idea  being  to  give  an  elementary  knowledge  of  the  principles  of  the 
elements  of  mechanics. 

Levers.— There  are  three  classes  of  levers.  They  are:  (1)  power  at  one 
end,  weight  at  the  other,  and  ftilcrum  between;  (2)  power  at  one  end, 
iUlcmm  at  the  other,  and  weight  between;  (3)  weight  at  one  end,  fhlcrum 
at  the  other,  and  power  between. 

The  handle  of  a  blacksmith's  bellows  is  a  lever  of  the  first  class.  The 
hand  is  the  power  and  the  bellows  the  weight,  with  the  pivot  between 
as  the  ftilcrum.  A  crowbar  as  used  for  pryine  down  top  rock  is  a  lever  of 
the  second  class.  The  hand  is  the  power,  the  rock  to  be  barred  down 
the  weight,  and  the  point  in  the  roof  against  which  the  bar  presses 
is  the  fulcrum.  The  treadle  of  a  grindstone  is  a  lever  of  the  third  class. 
The  foot  is  the  power,  the  hinge  at  the  back  of  the  foot  is  the  fulcrum, 
and  the  moving  of  the  machinery  is  the  weight. 

A  lever  is  in  equilibrium  when  the  arms  balance  each  other.  The  dis- 
tances through  wnich  the  power  and  the  weight  move  depend  on  the 
comparative  length  of  the  arms.  Let  L  represent  power's  distance  trojn 
the  nilcrum  {C),  I  the  weight's  distance,  and  a  the  distance  between  power 
and  w^ght;  then,  if  I<  is  twice  I,  the  power  will  move  twice  as  far  as  the 
weight.    Substituting  these  terms  in  the  law  of  mechanics,  we  have 

P  '.W::l  :L.    PL  ^  Wl 


1  = 


Pa 


W+P' 


x=J^« 


W-\-P 


P  :W::l  :  L.    PL  =  WL 

P~^  W-  ^ 

^  ~    L'  ^  -     I   ' 

-    Wa         .         Pa 

■Li   =  "57; 5i.    *  = 


W-P 


W-P' 


P  :  W::  I 


L.    PL  =  WL 
PL 


W 


-    Wa 


I  = 


I   ' 
Pa 

p-vr 


In  first-  and  second-class  levers,  as  ordinarily  used,  we  gain  power  and 
lose  time;  in  the  third  class,  we  lose  power  and  gain  time. 

ExAMPLB.~Having  a  weight  of  2,000  lb.  to  lift  with  a  lever,  the  short  end 
of  which  is  2  ft.  from  the  fulcrum  and  the  long  end  10  ft.,  how  much  power 
will  be  required? 

X  :  Z  : :  IT  :  P,  or  10  :  2  : :  2,000  :  400  lb. 

4.A 
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is  tbe  diBtaiice  from  the 


a  P,  .         .         ^ A        5  lb.  at  A  w 

rlJ I 1 9  irftsss 


FiQ.  1.  lb.  on  £^  and  If  the  third  lever 

hu    IhF    BBme  comparative 

leoglis,  this  80  lb.  at  E  will  lift  320  lb.  at  O.    Thus,  a  power  of  6  lb.  at 

A  will  balance  a  weiEbt  of  ?W  tb.  at  O.    But,  in  order  to  raise  tbe  weight 

I  ft.,  Ihe  power  must  pass  through  "l".  or  64  (I. 

The  whnl  ind  iilg,  Fig.  2.  Is  a  modiflcatlon  of  the  lever.  Tbe  ordinary 
wlndlOffl  Is  a  common  form.  The  power  is  applied  to  the 
handle,  tlie  buuket  is  the  weight!  and  the  ails  of  the 
windlass  Is  Ihe  fulcrum.  The  long  ann  of  the  lever  Is 
the  handle,  and  the  short  arm  is  the  radius  of  the  axle. 
Thus,  f  is  the  ftilcrum,  Fc  the  long  arm,  and  Fb  the 
abort  arm.  The  wheel  and  aile  baa  the  advantage  that  > 
It  l£  a  kind  of  perpetual  lever.  We  are  not  obliged  to 
prop  up  the  w<^ght  and  readjust  the  lever,  but  both 

Bj  tumlug  the  handle  or  wheel '  around  once,  the 
rope  will  be  wound  ODce  around  the  axle,  and  the 
weight  will  be  lifted  that  distance.  Applying  (he  law  of 
mechanies.  we  have  power  x  the  elroumferenee  of  the 
wheel  =  tbo  weight  >;  circumference  of  the  aile;  or. 
as  the  clrcamrerence  of  circles  are  proportional  to  their 


r--r-  '- 


A  tr«i(.  Fig.  3,  consists  of  a  series  o 
wheelsandailesthataotononeanothe: 
on  the  principle  of  a  compound  lever 
The  driver  is  the  wheel  to  which  powe: 
Is  applied.  The  driven,  or  foUouier,  li 
the  one  that  receives  motion  from  thi 
driver.    The  pinion  is  the  small  gear 

el  A  : 

a  pull  of 

1  lb.  applied  at  Pwill  exert  a  force  of 
4  lb.  on  the  wheel  C:  if  the  diameter 
of  C  is  e  in.,  and  of  i)  3  in.,  a  force  of  4  lb.  on  C  will  exert  a  force  of  S  lb.  on 
E.  It  Ela  lain,  in  diameter,  and  /" 4  In,,  a  force  of  Sib,  on  j;  will  raise  a 
weight  of  32  lb.  on  P.  In  order,  however,  to  lift  this  amount,  according  to 
the  principle  already  named,  the  weight  will  only  pass  through  ^  of  the 
distance  of  the  power.  Thus,  power  is  gained  and  speed  lost.  To  reverse 
this,  we   apply   power  to  the  axle,  and,  with  a  corresponding!)'  heavy 

Ewer,  gain  speed.    Keferrlng  to  Fig,  4,  applying  the 
w  of  mechanics. 


P  = 


Wrr'r"  _  PRICIt" 

RE'lf'  rr-T"~' 

B  :n";:  r'r"  :  Rlt/. 
V  :  x/  ;r  ffr":  KKB". 
B,  n',  n"  —  number  o(  revolutions; 

V.  v*  —  velocity  or  speed  of  rotation; 
r,  r",  r",  etc.  =.  radii  of  the  pinions; 
&,  JP,  «",  etc.  =  ladil  of  the  wheels. 
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Pig.  6. 


The  Inolined  Plane.— In  Fig.  5  we  see  that  the  power  must  descend  a  dis- 
tance equal  toACin  order  to  elevate  the  weight  to  the  height  B C\  hence 
we  have  P  X  length  of  the  inclined  plane  =  IT  x  the  height  of  the  inclined 
plane,  or  P-.W'.'.  height  of  inclined  plane :  length  of  inclined  plane;  or, 

Wh  PI  P 

I  A        sin  a 

To  Find  the  Weifht  Requirsd  to  Btlanoe  Any  Weight  on  Any  Inolined  PItne. 
Multiply  the  given  weight  by  the  sine  of  the  angle 
of  inclination. 

Thus,  to  find  the  weight  required  to  balance  a 
loaded  car  weighing  2,000  lb.  on  a  plane  pitching 
18°  we  multiply  2,000  by  the  sine  of  18°,  or  2,000  X 
.3090170  =  618.034  lb. 

Or,  if  the  length  of  the  plane  and  the  vertical 
height  are  given,  multiply  the  load  by  the  quotient 
of  the  vertical  height  divided  by  the  length. 

Thus,  if  a  plane  between  two  levels  is  800  ft. 
long  and  rises  92.7  ft.,  and  the  load  is  2,000  lb.,  the  balancing  weight  is 
found  as  follows: 

2.000  X  ^  =  618+. 

Case  1.— To  find  the  horsepower  required  to  hoist  a  given  load  up  an 
inclined  plane  in  a  given  time,  use  the  formula 

1-,       (vertical  height       ) 
Load  (in  lb.)  +  weight  of  hoisting  rope  (in  lb.)  I  X  -<  through  which  the  > 
J       (loadi8ralsed(inft.)J  ^ 

33.000  X  time  of  hoisting  (in  minutes) 
Example.— Find  the  horsepower  required  to  raise,  in  3  minutes,  a  car 
weighing  1  ton  and  containing  1  ton  of  material  up  an  inclined  plane  1,000 
ft.  long  and  pitching  30°,  if  the  rope  weighs  1,500  lb. 

The  total  load  equals  car  +  contents  +  rope  =  2,000  +  2,000  + 1,500  = 
5,500  lb. 

The  vertical  height  through  which  the  load  is  hoisted  equals 
1,000  X  sin  30°  =  1,000  X  .5  =  500  ft. 

.    TT  P  -  5.500X500  _ 
.  .  u.  r.  -   ^  ^  ^  3  -  ^/./. 

Case  2.— When  the  power  acts  parallel  to  the  base,  use  the  formula 
W  X  height  of  inclined  plane  =  P  X  length  of  base. 

These  rules  are  theoretically  correct,  but  in  practice  an  allowance  of 
about  30^  must  be  made  for  friction  and  contingencies. 

The  torew  consists  of  an  inclined  plane  wound  around  a  cylinder.  The 
inclined  plane  forms  the  thread,  and  the  cylinder,  the  body.  It  works  in  a 
nut  that  IS  fitted  with  reverse  threads  to  move  on  the  thread  of  the  screw. 
The  nut  may  run  on  the  screw,  or  the  screw  in  the  nut.  The  power  may  le 
applied  to  either,  as  desired,  by  means  of  a  wrench  or  a  lever. 

vSTien  the  power  is  apphed  at  the  end  of  a  lever,  it  describes  a  circle  of 
which  the  lever  is  the  radius  r.  The  distance  through  which  the  power  passes 
is  the  circumference  of  the  circle;  and  the  height  to  which  the  weight  is 
lifted  at  each  revolution  of  the  screw  is  the  distance  between  two  of  the 
threads,  called  the  jntch  (p).  Therefore  we  have  P  X  circumference  of 
WXpit<ih,orP:W::p:2vr. 


Circle 


2irr 


The  power  of  the  screw  may  be  increased  by  lengthening  the  lever 

or  by   diminishing    the  distance  between  the 
threads. 

Example.— How  great  a  weight  can  be  raised 

by  a  force  of  40  lb.  applied  at  the  end  of  a  wrench 

14  in.  long,  using  a  screw  with  5  threads  per  inch  ? 

WXJ  =  40X28X3.1416. 

W  =  17,593  lb. 

The  wedge  usually  consists  of  two  inclined 

planes  placed  back  to  back.    (Fig.  6.)    In  theory, 

the  same  formula  applies  to  the  wedge  as  to  the 

inclined  plane,  Case  2. 


Fio.  6. 


P  :  IT: '.thickness  of  wedge  :  length  of  wedge. 
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ii  applied  as  a  steady  force;  it 
The  pilltf  is  dmply  ai 


a  sudden  tlow,  and  i8  equal  to  the 


Friction,  In  the  other  mechanical  powers,  materially  dlmtnleheti  their 
efficiency:  In  this  it  Is  essential,  slnire,  wlthont  it,  alter  each  blow  Die  wedge 

would  fly  back  and  the  whole  effect  be  los'      '""i"  i.^  ih^  .^ti."~n." 

piled  as  a  steady  *         

'    mofthehan 

other  lOrm  of  the  lever  that  turns  about  a  flxed 
ails  or  fulcrum.  Wltb  a  Bliigla  flied  pulley 
shown  in  Fie-  7,  there  can  be  no  gain  of  power 
or  epeed,as  the  force  Pmuet  pull  down  aa  much 
as  tbe  weight  W.  and  both  move  wllb  the  same 
velocity.  It  is  simply  a  lever  of  the  Hrst  clasg 
with  equal  arms,  and  is  used  to  change  the 
direction  of  the  Ibrce. 

IF  '•  velocity  of  If.   i'  =  velocily  of  p, 

iloHblg  Piill«y,— A  form  of  the  ringle  pulley, 

where  it  moves  with  the  weight,  U  shown  in 

Fig.  g.    In  this,  one  half  of  the  weight  le  bus- 

Fio.  8.         Isincd  by  the  hook,  and  the  other  half  by  Uie 

power.    Since  the  power  is  only  one-half  (ho 

it  move  through  twice  the  space;  in  other  words,  by  taking 

i,i>ii>;e  uiu  uuic,  we  can  lilt  twice  as  much.    Here  power  is  gained  and  ttme 

CtnblMtlani  d  Pillayi.— {ij  In  Fig.  9.  we  have  the  IT  sustained  by  three 
cords,  each  of  which  is  stretched  by  a  tension  equal  to  the  P,  hsDce,  1  lb.  of 
powerwillbalanoeSlb.ofwelght.     (2)  In  Fig.  lO,  a  power  of  I  lb.  wfll  in  the 


weight,  1 


w  calculated  by  the  following  genend  rule: 


ly  tombinoHon  qf  ptUkjii  whert 


which  I 

RbI«.— int.., ,  , 

load  onthefiteaidvMbabaieeat..^... 
ffreatai  lAelood  onUte/reeendaitlierea 
■ — •'■-'—'  -otcounUng  the  free  out. 

—- marked  I.  J,  Fig.  12 


(4)  I: -_ 

»iua1  (o  fl  andintt 


s  16;  hence,  W  = 


each  part  has  a  tension 
!,  each  part  has  a  tension 
-  -irds.  The  sum  of  the 
P.    If  n  =  number  of 


FRICTION  AND  LUBRICATION. 


95 


In  all  oombinatioiis  of  pulleys,  nearly  one-half  the  effiectiye  force  is  lost 
by  friction. 

Composition  of  Foroes.~When  two  forces  act  on  a  body  at  different  angles, 
their  result  may  be  obtained  by  the  following  rule: 

Rule. — Through  a  point  draw  two  lines  parallel  to  the  directions  of  the  lines  qf 
action  qf  the  two  forces.  With  any  convenient  scale,  measure  off,  from  the  point 
of  intersection,  distances  corresponding  to  the  magnitudes  of  the  respective  forces, 


and  complete  the  parallelogram.    From  the  common  j 


draw  (he 


m  point  of  application^ 
diagonal  of  the  parallelogram;  this  diaaonal  vHU  be  the  resuUant,  and  tts  magni- 
tude can  be  measured  wuh  the  same  scale  that  was  used  to  measure  the  two  forces. 
When  more  than  ttoo  forces  act  on  a  body  simultaneously,  find  the  resultant  of 
any  two  of  them  as  above;  then,  by  the  same  method,  combifie  this  resultant  with  a 
Udrd  force,  and  this  resuUant  with  the  fourth  force,  and  so  on. 


FRICTION  AND  LUBRICATION. 

Frfctlon.— Friction  is  the  resistance  to  motion  due  to  the  contact  of 
surfaces.  It  id  of  two  kinds,  sliding  and  rolling.  If  the  surface  of  a  body 
could  be  made  perfectly  smooth,  there  would  be  no  fWction;  but,  in  spite  of 
the  most  exact  polish,  the  microscope  reveals  minute  projections  and  cavities. 
We  fill  these  with  oil  or  grease,  ana  thus  diminish  friction.  Since  no  surface 
can  be  made  perfectly  smooth,  some  separation  of  the  two  bodies  must,  in  all 
cases,  take  place  in  order  to  clear  such  projections  as  exist  on  the  surfaces. 
Therefore,  friction  is  always  more  or  less  affected  by  the  amount  of  the 
perpendicular  pressure  that  tends  to  keep  them  together. 

The  ultimate  friction  is  the  greatest  factional  resistance  that  one  body 
sliding  over  another  is  capable  of  opposing  to  any  sliding  force  when  at  rest 

The  coefficient  of  friction  is  the  proportion  that  the  ultimate  fWction  in  a 
given  case  bears  to  the  perpendicular  pressure.  The  coeflficient  of  friction  is 
usually  expressed  in  decimals;  but  sometimes,  as  in  the  case  of  cars  and 
ennnes,  it  is  expressed  In  pounds  (of  friction)  per  ton. 

The  coeflBcient  of  fHction  equals  the  ultimate  fWction  divided  by  the 
I>erpendicu]ar  pressure,  and  the  ultimate  firiction  equals  the  perpendicular 
pressure  multiplied  by  the  coeflQcient  of  friction.  Thus,  if  we  have  a  block 
weighing  100  lb.  standing  on  another  block,  and  it  takes  35  lb.  pressure  to 
lOide  it,  the  coefficient  of  fWction  =  ^^,  or  .35. 

Table  of  Coefficients  of  Friction. 


Materials. 

Smooth,  Clean, 

and  Dry  Plane 

Surfaces. 

Smooth  Plane  Sur- 
faces, Perfectly 
LubWcated  With 
Tallow. 

Oak  on  oak - 

Wrought  iron  on  oak ^ 

Wrouflrht  iron  on  cast  iron 

.40 
.62 
.19 
.14 
.17 
.15 
.15 
.20 
.14 
.15 
.22 
.16 
.20 

.079 
.085 
.103 

Wrought  iron  on  wrought  iron 

Wrought  iron  on  brass 

Cast  iron  on  cast  iron 

Cast  iron  on  brass 

.082 
.103 
.100 
.103 

Steel  on  cast  iron 

Steel  on  steel  

Steel  on  brass 

Brass  on  cast  iron 

.105 

.056 

.086 

Brass  on  wrousrht  iron 

.081 

Brass  on  brass 

Oak  on  cast  iron. 

.080 

Oak  on  wrought  iron 

Cast  iron  on  oak 

Steel  on  wrouirht  iron 

.098 
.078 
.093 

The  above  c^^efficients  are  only  approximate,  for  the  coefficient  will  vary 
-with  ttie  intensity  of  the  pressure  and  the  velocity,  and  also  with  the  condi- 
tions of  the  atmosphere.    But  they  are  correct  enough  for  practical  purposes 
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The  fHcUon  of  liquids  moving  in  contact  with  solid  bodies  is  indei>endent 
of  the  pres&ure,  because  the  forcing  of  the  particles  of  the  fluid  over  the  pro- 
jections on  the  surface  of  the  solid  body  is  aided  by  the  pressure  of  the 
surroundinj?  particles  of  the  liquid,  which  tend  to  occupy  the  places  of  those 
forced  over.  Therefore,  the  coefficients  of  fWction  of  liquids  over  solids  do 
not  correspond  with  those  of  solids  over  solids.  The  resistance  is  directly  as 
the  area  oi  surface  or  contact. 

Coefficients  of  Feiction  in  Axles. 


Axle. 

Bearing. 

Ordinary 
Lubrication. 

Lubricated 
Continuously. 

Bell  metal 

Bell  metal  

.097 

.07 

.07 

.07 

.07 

.10 

.12 

Castiron  

Bell  metal  

.049 

Wrought  iron 

Wrought  iron 

Castiron   

Bell  metal   

Cast  iron 

.05 
.05 

Cast  iron  

.05 

Castiron   

Lignum  vitflp, 

Lignum  vitae 

Wrought  iron 

Friction  naturally  varies  with  the  character  of  the  surfiices,  lubrication, 
and  the  nature  of  the  lubricant.  The  best  lubricants  for  the  purposes 
should  always  be  used,  and  the  supply  should  be  regular.  When  machinery 
is  well  lubricated,  the  lubricant  keeps  the  surfoces  apart,  and  the  Mctional 
resistance  becomes  very  small,  or  about  the  same  as  the  friction  of  liquids. 

FriotiontI  Retltttnoe  of  Shtftinf.— 

Let  K  =  coefficient  of  fWction; 

W  =  work  absorbed  in  foot-pounds; 

P  =  weight  of  shafting  and  pulleys  -{-  the  resultant  stress  of  belts; 

H  —  horsepower  absorbed; 

D  —  diameter  of  Journal  in  inches; 

R  =■  number  of  revolutions  per  minute. 

Then, 

Ordinary  Oiling.  Continuous  Oiling. 

w  =  .0182  y.py.D\  .0112  X  i*x  D; 

IT  =  .000000556  XPXDXiZ;  .000000339  X  P X  2>  X  J?; 

K  =  .066.  .044. 

As  a  rough  approximation,  100  ft.  of  shafting,  3  in.  diameter,  making 
120  revolutions  per  minute,  requires  1  horsepower. 

For  friction  of  air  in  mines,  see  "Coefficient  of  Friction,"  under  Venti- 
lation. 

Friction  of  Mine  Cart.— The  friction  of  mine  cars  varies  so  much  that  it  is 
Impossible  to  give  a  formula  for  calculating  it  in  every  case.  No  two  mine 
cars  will  show  the  same  frictional  resistance,  when  tested  with  a  dynamome- 
ter, and,  therefore,  nothing  but  an  average  fWction  can  be  dealt  with.  The 
construction  of  the  car,  the  condition  of  the  track,  and  the  lubrication  are 
important  factors  in  determining  the  amount  of  fWction. 

In  this  connection,  we  may,  however,  state  some  of  the  reouisites  of  good 
oil  box  and  journal  bearings.  Tightness  is  a  prerequisite,  ana,  in  dry  mines 
where  the  dust  is  very  penetratine,  this  is  especially  important:  the  bear- 
ings should  be  sufficiently  broad;  the  oil  box  large  enough  to  hold  sufficient 
oil  to  run  a  month  without  renewal,  and  so  constructed  that,  while  it  may 
be  quickly  and  easily  opened,  it  will  not  open  by  jarring  or  by  being  acci- 
dentally struck  by  a  sprag  or  a  lump  of  coal. 

There  are  a  number  of  patented  self-oiling  wheels  that  are  improvements 
on  the  old-style  plain  wheels,  and  each  of  these  has  undoubtedly  some 
point  of  superiority  over  the  old  style. 

Among  the  most  extensively  used  of  these  patented  wheels  are  those  with 
annular  oil  chambers,  and  those  with  patent  bushings.  Their  superiority 
consists  in  the  fact  that,  if  properly  attended  to,  a  well-lubricated  bearing  u 
secured  with  greater  regularity  ana  less  work  than  when  the  old-style  wheel 
was  used. 

With  a  view  of  adopting  a  standard  wheel,  the  Susquehanna  Coal  Co., 
of  Wilkesbarre,  Pa.,  experimented  for  a  number  of  years  with  different 
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styles  of  self-lubricating  wheels,  and  as  a  result  of  the  experiments  it  adopted 
a  wheel  patented  by  its  chief  engineer,  Mr.  Jas.  H.  Bowden. 

Mr.  R.  Van  A.  Norris,  E.  M.,  Assistant  Engineer,  made  a  series  of  989  tests 
with  old-style  wheels^  some  of  which  had  patent  removable  bushings,  and 
others  annular  oil  chambers,  and  the  Bowden  wheel.  The  old  wheels  were 
found  to  be  practically  alike  in  regard  to  firiction.  All  the  wheels  were  of 
the  loose  outside  type,  16  in.  in  diameter,  mounted  on  2|  in.  steel  axles, 
with  journals  5i  in.  long.  The  axles  passed  loosely  through  solid  cast 
boxes,  bolted  to  the  bottom  sills  of  the  cars,  and  were  not  expected  to 
revolve. 

The  table  of  friction  tests  shows  the  results  obtained  with  both  old-  and 
new-style  wheels,  and  is  of  interest  to  all  colliery  managers,  inasmuch  as 
the  figures  given  for  the  old-style  wheels  alone  are  the  most  complete  in 
eodstence,  and,  as  stated  before,  they  are  good  averages. 

Tests  were  made  on  the  starting  and  runninfi"  friction  of  each  style  of 
wheel,  under  the  conditions  of  empty  and  loaded  cars,  level  and  grade 
track,  curves,  and  tangents.  The  instruments  used  were  a  Pennsylvania 
Railroad  spring  dynamometer,  graduated  to  3,000  lb.,  with  a  slidins^  recorder, 
a  hydrauhc  gauee  (not  recording]  reading  to  10,000  lb.,  graduated  to  25  lb., 
and  a  spring  balance,  capacity  300  lb.,  graduated  to  3  lb.  All  these  were 
tested  and  found  correct  previous  to  the  experiments. 

Most  of  the  observations  on  single  cars  were  made  with  the  300-lb. 
balance.  The  two  types  of  "  old-style  "  wheels  have  been  classed  together  in 
the  table.  Each  car  was  carefrilly  oiled  before  testing,  and  several  of  each 
type  were  used,  the  results  being  averages  from  the  number  of  trials  shown 
in  the  table. 

In  the  experiments  on  the  slow  start  and  motion,  the  cars  were  started 
very  slowly  by  a  block  and  tackle,  and  the  reading  was  taken  at  the  moment 
of  starting.  They  were  then  kept  just  moving  along  the  track  for  a 
considerable  distance,  and  the  average  tractive  force  was  noted,  the  whole 
constituting  one  experiment. 

The  track  selected  for  these  experiments  was  a  perfectly  straight  and 
level  piece  of  42  in.  gauge,  about  200  ft.  long,  in  rather  better  condition  than 
the  average  mine  track.  The  cars  were  41|  in.  gauge,  Zk  ft.  wheel  base,  10  ft. 
long,  capacity  about  85  cu.  ft.,  with  6-in.  topping. 

To  ascertam  the  tractive  force  required  at  higher  speeds,  trips  of  one,  four, 
and  twenty  cars,  both  empty  and  loaded, were  attached  to  a  mine  locomotive 
and  run  about  a  mile  for  each  test,  the  resistance  at  various  points  on  the 
track,  where  its  curve  and  grade  were  known,  being  noted,  care  also  being 
taken  to  run  at  a  constant  speed.  Unfortunately,  only  four  of  the  "new- 
style  "  cars  were  available  on  the  tracks  where  these  trials  were  made. 

The  remarkably  low  results  for  the  twenty-car  trips  are  attributed  to 
variations  in  the  condition  of  the  track,  and  the  fact  that  the  whole  train 
was  seldom  pulling  directly  on  the  locomotive,  the  cars  moving  by  jerks,  so 
that  correct  observations  were  impracticable.  The  hydraulic  gauge  was  used 
for  these  twenty-car  tests,  and  the  needle  showed  vibrations  from  1  to  4  tons 
and  back.  The  mean  was  taken  as  nearly  as  possible.  The  gauge  was 
rather  too  quickly  sensitive  for  the  work,  and  the  Pennsylvania  Railroad 
dynamometer  was  not  strong  enough  to  stand  the  starting  jerks  and  the 
strain  of  accelerating  speed. 

The  tests  marked  " rope  haul"  were  made  on  an  empty-car  haulase 
system,  about  500  ft.  long,  with  overhead  endless  rope  running  continuously 
at  a  speed  of  180  ft.  per  min.,  the  cars  being  attached  to  the  moving  rope  by 
a  chain,  a  ring  at  the  end  of  which  was  slipped  over  a  pin  on  the  side  of  the 
car.  The  increase  of  friction  on  the  heavier  grades  was  due  to  the  rope 
pulling  at  a  greater  angle  across  the  car.  Correction  was  not  made  for  this 
angularity  at  the  time,  and  the  rope  has  since  been  rearranged,  so  that  the 
correction  cannot  now  be  made.  There  were  not  enough  curve  experi- 
ments to  permit  the  deduction  of  any  general  formula  for  the  resistance 
of  these  cars  on  curves. 

The  experiments  on  grade  agree  fairly  well  with  those  on  a  level,  the 
rather  higher  values  obtained  b^ng  probably  due  more  to  the  greater  effort 
required  in  moving  them,  and  the  consequent  jerkiness  of  the  motion,  than 
to  any  real  increase  in  resistance.  As  the  experiments  on  all  styles  of 
wheels  were  made  in  an  exactly  similar  manner,  the  comparative  value 
of  the  results  is  believed  to  be  nearly  correct,  the  probable  error  in  each  set  of 
experiments,  as  computed  by  the  method  of  least  squares,  varying  from  about 
4/jkioT  slow  start  and  motion  to  12^  for  the  rapid  motion  and  twenty-car  trips. 
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Labrioation.— There  is  probably  no  &ctor  that  has  a  moF«  direct  bearing 
on  the  cost  of  production  per  ton  of  coal  and  ores  than  the  lubrication  oi 
mine  machinery,  and  yet  it  is  doubtful  if  there  is  another  item  connected 
with  the  operation  of  a  mine  less  understood  by  owners,  their  managers,  and 
engineers  in  charge. 

Steam  plants  are  equipped  with  boilers  of  the  highest  known  efficiency; 
heaters  are  used  that,  d^  utilizing  waste  steam,  will  neat  the  feed  water  for 
boilers  to  the  highest  point.    Modem  engines  tiiat  will  develop  a  horsepower 
with  the  least  amount  of  steam  are  Installed;  bends,  instead  of  elbows,  are 
placed  in  steam  and  exhaust  pipes,  so  that  the  faction  and  back  pressure 
may  be  reduced  to  a  minimum.    In  a  word,  everything  is  done  in  the  equip- 
ment of  a  plant  to  secure  economy  in  its  operation.    After  ell  this  is  aone. 
frequently  a  long  step  is  taken  in  the  opx>osite  direction  by  the  use  of  an  oil 
unsuitcKl  to  the  existing  conditions,  and  those  in  chan;e  of  the  plant  are  led 
to  believe  that  the  lubrication  is  all  that  could  be  desired,  simply  because 
the  engines  and  machinery  run  quietly  and  the  temperature  of  the  bearings 
does  not  become  alarmingly  high.    The  office  of  a  lubricant  Is  not  merely  to  i 
secure  this  result,  but,  primarily,  to  reduce  faction  and  wear  to  a  minimum;  y ' 
and  an  oil  that  will  do  this  is  the  best  oil  to  use,  no  matter  what  the  price  , 
per  gallon  may  be.  i^ 

Few  realize  the  great  loss  in  power  due  to  the  friction  of  wearing  parts. 
One  of  the  greatest  living  authorities  on  lubrication  writes:  ' 

'*  It  may  probably  be  mirly  estimated  that  one-half  the  power  expended 
in  the  average  case,  whether  in  mill,  mine,  or  workshop,  is  wasted  on  lost 
work,  bdng  consumed  in  overcoming  the  Aiction  of  lubricated  sur&ces."     ) 

He  adds  that  a  reduction  of  50^  in  the  work  lost  by  friction  has  often  been 
secured  by  a  change  of  lubricants. 

As  one  of  many  instances  showing  the  loss  that  will  occur  by  the  use  of  ' 
inferior  lubricants,  attention  is  called  to  two  flour  mills  located  in  one  of  the 
Middle  States.  One  of  the  plants  was  equipped  with  a  condensing  engine 
capable  of  developing  a  horsepower  on  24  lb.  of  water  per  hour;  the  other  • , 
plant  had  a  simple  engine,  taking  30  lb.  of  water  per  hour.  The  plant  con> 
taining  the  condensing  engine  was  purchased  by  the  owner  of  the  plant 
containing  the  simple  engine.  The  new  owner  of  the  plant  was  surprised  to 
learn  that  the  cost  of  operation  i)er  barrel  of  flour  manufactured  was  equally 
as  ereat  in  the  new  plant  as  in  the  old  one.  The  engines  were  indicated, 
ana  valves  found  to  be  properly  adjusted  and  the  engine  working  within 
the  economical  range,  so  far  as  load  was  concerned.  The  loss  was  then 
attributed  to  the  boilers,  but  an  evaporative  test  proved  that  there  was  no 
practical  difference  here,  as  the  boilers,  in  both  instances,  were  evaporating 
a  fraction  over  8  lb.  of  water  per  pound  of  coal.  At  this  i)oint,  the  question 
of  lubrication  was  taken  up,  and,  on  the  advice  of  an  expert  sent  by  a 
prominent  manufacturer  or  lubricants  to  look  over  the  plant,  an  entire 
change  was  made  in  the  lubricants  used,  and,  as  a  result,  a  money  saving  of 
over  1|2.25  per  day  (practically  f700  per  annum— this  in  a  plant  of  less  than 
250  horsepower)  was  eflfected,  notwithstanding  the  fact  that  the  new  lubri- 
cants used  cost  considerably  more  per  gallon  than  those  formerly  used. 
This  simply  indicates  that  the  price  of  an  oil  is  of  little  imx>ortance  in 
comparison  with  its  friction-reducing  power.  Friction  costs  money,  because 
it  means  greater  cost  of  operation  per  unit  of  output. 

Among  the  expenses  cnargeable  to  waste  power,  due  to  inferior  lubrica- 
tion,  may  be  included:  (1)  The  cost  of  power  produced  in  excess  of  that 
really  required  to  operate  the  mine  per  ton  of  output.  In  this  calculation 
should  be  included  the  proper  proportion  of  salaries  of  engineers,  and  all 
other  items  that  contribute  to  the  cost  of  the  motive  department,  as  well  as 
the  cost  of  mining  the  fuel  consumed  in  producing  this  excess  power. 
(2)  Wear  and  tear  of  machinery,  which  is  constantly  doing  more  work  per 
ton  of  coal  mined  than  should  be  required  of  it. 

There  is  also  an  element  of  danger  that  ought  to  receive  serious  consid- 
eration, as,  while  it  is  true  that  cylinder  and  bearing  lubricants  of  indiflferent 
merit  will,  under  ordinary  conditions,  keep  the  cylinders  firom  groaning  and 
the  bearings  from  becoming  hot,  experiments  have  proved  that,  in  accom- 
plishing such  results,  the  oils  in  use  were  being  taxed  to  their  utmost;  and 
there  is  record  of  many  instances  where,  as  a  result  of  using  oils  of  such 
limited  endurance,  accidents  of  a  serious  nature  have  occurred,  necessarily 
causing  i^ut-downs  just  at  the  time  when  the  operation  of  a  plant  to  Its 
fullest  capacity  was  imperative. 

It  is  most  difficult,  in  an  article  of  this  character,  to  do  much  more  ttian 
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point  out  the  daneer  due  to  the  use  of  inferior  lubricants,  leayine  it  to  the 
purchaser  himself  to  determine  as  to  the  intrinsic  worth  of  the  lubricants 
offered  to  him.  In  making  his  selection  he  would  do  well  to  consult  with 
and  heed  the  advice  of  some  highly  responsible  manufocturer  of  lubricants 
who  has  given  to  the  question,  in  au  its  phases,  the  most  careful  study,  and 
who  would  most  probably  have  the  benefit  of  a  wide  experience  in  the  applica- 
tion  as  well  as  the  manufiEicture  of  lubricants.  Some  buyers  have,  to  theii 
ultimate  regret,  adopted,  as  a  method  of  determining  the  merits  of  lubri- 
cants, a  schedule  of  laboratory  tests.  Such  a  method  &  not  only  useless,  but 
it  is  misleading  to  anv  one  other  than  a  mauufacturer  of  lubricants,  who 
makes  use  of  it  merely  as  a  means  of  insuring  uniformity  in  his  manu- 
factured products,  and  not  as  a  measure  whereby  to  Judee  their  practical 
value.  Indeed,  many  oils  can  be  very  properly  described  oy  practically  the 
same  schedule  of  tests,  and  yet  are  widely  apart  when  their  utility  for  a 
given  service  is  considered. 

/"  As  a  general  guide  in  purchasing  cylinder  oil  for  mine  lubrication,  it 

Anight  be  said  that  a  dark-colored  oil  Is  of  greater  value,  as  a  rule,  than  one 

^that  has  been  filtered  to  a  red  or  light  amber  color,  as  the  process  of  filtration 

V  ^necessarily  takes  trom  the  oil  a  considerable  percentage  of  its  lubricating 

wvalue,  and  at  the  same  time  the  process  is  an  expensive  one.    In  short,  if  a 

light-colored  oil  is  insisted  upon,  a  high  price  must  be  paid  for  an  inferior 

lubricant.    As  a  word  of  caution,  hewever,  it  would  be  well  to  add  right 

here  that  irresponsible  manufocturers  frequently  take  advantage  of  the  lact 

that  the  most  efficient  and  best  known  cylinder  oils  are  dark-colored,  and 

cy  endeavor,  with  more  or  less  success,  to  market  as  **  cylinder  oil "  products 

\  S  absolutely  unsuited  to  the  lubrication  of  steam  cylinders,  and  that  would 

X^consequently  be  expensive  could  they  be  procured  without  cost. 

^      For  the  lubricanon  of  engine  bearings,  where  modem  appliances  for 

feeding  are  used,  an  engine  oil  of  a  free  running  nature  is  best,  as  it  more 

quickly  reaches  the  parts  requiring  lubrication  than  an  oil  of  a  more  sluggish 

N,.  •  nature.    It,  of  course,  must  not  be  an  oil  susceptible  to  temperature  changes, 

^^  but  must  be  capable  of  performing  the  service  required  of  it  under  the  most 

\  severe  conditions,  where  an  oil  of  less  ••  backbone  "  would  ftiil.    Such  an  oil 

would  also  be  suitable  ibr  the  lubrication  of  dynamos,  and  should  also  give 

satisfkction  where  used  in  lubricating  the  cylinders  of  air  compressors. 

I  Where  the  machinery  is  of  an  old  type  and  loose-jointed,  or  when  tiie  bear- 

Jings  are  open  and  the  oil  is  appliea  directly  to  them  by  means  of  an  oiler, 

•  J  an  engine  oil  of  a  more  sluggisii,  or  viscid-,  nature  is  best. 

^J      PerhaiMS  of  equal  importance  to  the  lubrication  of  power  machinery 

>Xmu8t  be  considered  the  lubrication  of  the  axles  of  nune  cars.    This  Is 

Vi  important,  first,  because  of  the  fact  that  perhaps  three-fourths  of  the  oil 

used  about  a  coal  mine  is  used  for  this  purpose,  and,  secondly,  because  there 

is  really  a  marked  difference  in  the  quality  and,  therefore,  in  the  efficiency 

of  lubricants  used  for  this  purpose.    Fully  nine-tenths  of  the  prominent . 

*  railroads  of  this  country  are  today  using  car-axle  oil,  costing  perhaps  as 

(   ^  much  per  gallon  as  much  of  the  so-called  cylinder  oil  that  is  used  in  coal 

I     \f  mines,  they  having  discovered,  by  exhaustive  experiments,  that  the  increased 

I    A   efficiency  gained  by  using  an  oil  of  such  quality  many  times  offsets  the 

k  r\  diflference  m  the  cost  per  gallon  and  enables  them  to  secure  a  greater  mile- 

1  >l    age  without  any  increase  in  their  power  or  other  fixed  charges.   This,  we  are 

I  |\  certain,  would  apply  just  as  forcibly  to  the  lubrication  of  coal  cars,  no 

»       matter  whether  tne  jwwer  is  derived  from  "long-eared  mules"  or  electric 

motors,  and  we  believe  this  feature  of  lubrication  of  mine  equipment  should 

receive  more  carefUl  attention  than  it  does  receive,  as  a  rule. 

There  is  a  considerable  amount  of  waste  in  the  lubrication  of  mine  cars. 
This  waste  is  hard  to  avoid,  and,  naturally,  makes  the  buyer  hesitate  before 
adopting  the  use  of  a  car  oil  that  costs  very  much  per  gallon;  but  we  believe 
it  can  be  demonstrated,  even  in  the  face  of  this  waste,  that  t^e  increased 
efficiency  secured  by  the  use  of  a  high-grade  car  oil  would  warrant  its  use. 
Such  waste  is  pretty  hard  to  correct  in  mines  where  the  old-fashioned  style 
of  car  axles  is  still  in  use,  and  where  the  oil  is  applied  through  an  ordinary 
spout  oil  can  into  the  axle  box,  and  allowed  to  drip  off"  the  axles  and  on  to 
the  eround.  When  axles  are  equipi>ed  in  the  same  manner  as  those  of 
fireight  cars,  or  where  cars  are  equipped  with  one  of  the  several  diffterent 
styles  of  patent  car  wheels  ana  axles  that  are  coming  into  use  quite 
extensively,  it  is  possible  to  regulate  the  feeding  of  the  oil  to  the  axles,  so  as 
to  reduce  the  waste  to  a  minimum.  One  of  these  patent  car  wheels,  which 
is  perhaps  better  known  than  any  other,  is  constructed  with  a  hollow  hub 
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that  acts  as  a  resenroir  for  the  oil,  the  oil  passing  from  this  reservoir  thiongfa 
small  holes  onto  a  felt  washer,  which  it  must  saturate,  and  by  which  it  is 
applied  to  the  axles.  Such  wheels  require  a  limpid  oil,  as  a  heavy,  sluggish 
oil  would  not  so  readily  saturate  the  felt  washer  referred  to.  A  tight  cap  is 
a:djusted  to  the  end  of  the  axle,  to  prevent  waste  of  oil.  These  wheels  will 
run  Quite  a  length  of  time  without  reoUing  after  the  reservoir  is  once  filled. 
Or  course,  it  costs  something  to  equip  mine  cars  with  these  patent  axles, 
but  we  are  convinced  that  such  an  outlay  would  result  in  more  economioBii 
operation,  particularly  if  at  the  same  time  the  very  best  quality  of  car  oil 
obtainable  Is  used. 

BEST  LUBRIOANT8  FOR  DIFFERENT  PURPOSES  (THURSTON). 

Low  temperatures,   as  in  rock  drills)  Ti„i,*«„<„.»^n„K-i«o««««no 
driven  by  compr^ed  air |  Light  mineral  lubricating  oils. 

Very  great  pressures,  slow  speed { ^^?w  hibriSnte?''^'    ^^   ""^^^ 

Heavy  pressures,  with  slow  speed Pothl?^Ik^!^  ^^'  ^^^'''^'  ^^ 

Heavy  pressures  and  high  speed T  miS'e^^ilf  ^"^  '''^'  ^""^  ^^"^ 

Light  pressures  and  high  speed  ^^^a^;  ^ftS^^.''"'"""^  ^''^"' 

( Lara  oil,  tallow  oil,  heavy  mineral 

Ordinary  machinery <    oils,  and  the  heavier  vegetable 

I     oils. 

Steam  cylinders  j  Heavy  mineral  oils,  lard,  tallow. 

f  Clarified  sperm,  neat's  foot,  i)or- 
Watches  and  other  delicate  mechanism.  <     poise,  olive,  and  light  mineral 

(    lubricating  oils. 
For  mixture  with  mineral  oils,  sperm  is  best;  lard  is  much  used;  olive 
and  cottonseed  are  good.         

STRENGTH  AND  WEIGHT  OF  MATERIALS 


WOODEN    BEAMS. 

To  Find  the  Quiescent  Breaking  Load  of  a  Horizontal  Square  or  ReetanguUr  Beam 
SupDorted  at  Botli  Ends  and  Loaded  at  tlie  Middle.— Multiply  the  breadth  in 
incnes  by  the  square  of  depth  in  inches,  divide  the  product  by  distance  in 
feet  between  the  supports,  and  multiply  the  quotient  by  the  constant  given 
in  the  table  on  the  next  page.  Take  safe  working  load  one-third  of  break- 
ing load. 

To  Find  the  Quiescent  Breaklns  Load  of  a  Horizontal  Cylindrical  Beam.— Divide 
the  cube  of  the  diameter  in  incnes  by  the  distance  between  the  supports  in 
feet,  and  multiply  the  quotient  by  the  constant. 

When  the  load  is  uniformly  distributed  on  the  beam,  the  results  obtained 
by  the  at)ove  rules  should  be  doubled. 

Example  1.— Find  the  quiescent  breaking  load  and  safe  working  load  of 

a  yellow-pine  collar  8  in.  square,  12  ft.  between  legs. 

8  X  8^ 
Breaking  load  =  — CX—  X  500  =  21,333  lb.  for  seasoned,  and  10,666  lb.  for 

green  timber. 

Safe  working  load  =  7,111  lb.  for  seasoned,  and  3,556  lb.  for  green  timber. 

Example  2.— Find  the  quiescent  breaking  load,  and  the  safe  working 
load  of  a  hemlock  collar  10  in.  diameter,  7  ft.  between  legs. 

108  <»  714 

Breaking  load  =  y-  x  236  =  33,714  lb.  for  seasoned  timber,  and  ^^- 

«■  16,857  lb.  for  green  timber. 

Safe  working  load  =  -J^  =  11,238  lb.  for  seasoned,  and  ^^  or  ii^ 

=  6,619  lb.  for  green  timber. 

To  Find  the  Load  a  Rectangular  Collar  Will  Support  When  Ita  Depth  la  increaaed. 
When  the  length  and  width  remain  constant,  the  load  varies  as  the  square  of 
(he  depth. 
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Example.— A  rectangular  collar  10  in.  deep  supports  15,000  lb.  What  will 
it  support  if  its  depth  is  increased  to  12  in.? 

lOa :  122 ::  15,000  :  21,600.    Ans. 

Having  the  Length  end  Diameter  of  a  Collar,  to  Find  the  Diameter  of  a  Longer  Collar 
to  Support  the  Same  Weight— For  the  same  load,  the  strength  of  collars  varies 
as  the  cubes  of  their  diameters,  and  inversely  as  their  lengths. 

Example.— If  a  collar  6  ft.  long  and  8  in.  diameter  supports  a  certain 
weight,  what  must  be  the  diameter  of  a  collar  12  ft.  long  to  support  the  same 
weight?  _       _ 

^6  :  1^12  : :  8 in. :  10+  in.    Ans. 

Having  the  Loada  of  Two  Beama  of  Equal  Length  and  the  Diameter  of  One,  to 
Find  the  Diameter  Of  the  Other.— When  the  lengths  are  equal,  the  diameters 
vary  as  the  cub^  roots  of  the  loads,  or  the  cubes  of  the  diameters  vary  as  the 
loads. 

Example  1.— A  beam  11  in.  in  diameter  supports  a  load  of  82,160  lb.  What 
will  be  the  diameter  of  another  beam  the  same  length,  to  support  a  load 
of  19,440  lb.? 

1^32,160  :  #^19,440  : :  11 : 9.   Ans. 
Example  2.— A  beam  8  in.  in  diameter  will  support  a  load  of  10,240  lU 
What  load  will  a  beam  the  same  length  and  7  in.  in  diameter  support? 

8? :  78  ::  10,240  : 6,860.    Ans. 

Table  op  Constants. 

Calculated  for  seasoned  timber.  For  green  timber,  take  one-half  of  these 
constants.    Si^e  working  load  is  one-third  of  breaking  load. 


Woods. 


Ash,  white 

Ash,  swamp 

Ash,  black 

Balsam,  Canada 

Beech,  white 

Beech,  red 

Birch,  black 

Birch,  yellow  ... 
Cedar,  white  .... 

Chestnut  

Elm 

Elm,  rock 

Hemlock   

Hickory  

Ironwood  


Square  or 
Rectan- 

• 

0 

2 

gular. 

& 

650 

383 

400 

236 

800 

177 

350 

206 

450 

265 

560 

324 

450 

265 

450 

266 

250 

147 

450 

265 

350 

206 

600 

353 

400 

236 

650 

383 

600 

353 

Woods. 


Locust  

Lignum  vitse 

Larch 

Maple 

Oak,  red  or  black 

Oak,  white 

Oak,  live 

Pine,  white 

Pine,  yellow 

Pine,  pitch 

Poplar  

Spruce  

Sycamore 

Willow 


Square  or 
Rectan- 
gular. 


600 
650 
400 
550 
550 
600 
600 
450 
500 
560 
550 
460 
500 
350 


-d 

I 


353 
383 
236 
324 
324 
353 
353 
265 
296 
324 
324 
265 
296 
206 


To  Find  the  Diameter  of  a  Cellar  When  the  Weight  Increaaoa  In  Proportion  to  the 

Lensth.— Find  the  required  diameter  to  support  the  same  weight  as  the  i^ort 

collar.    Then  the  length  of  the  short  collar  is  to  the  length  of  the  long  one 

as  the  diameter  found  to  support  the  original  weight  is  to  the  required 

diameter. 

Ex  AMPLE.— If  a  collar  6  ft.  long,  8  in.  in  diameter,  supports  a  certain  weight. 

what  must  be  the  diameter  of  a  collar  12  ft.  long  to  support  twice  the  weight  f 

8»    (    )» 
1:2::^:  ^,  or  1 : 2 : :  2  X  8^ :  (    )», 

or  #"1  :  #^2  : :  8^2  :  (    )  =  12.7.    Ans. 

• 
IRON    AND    STEEL    BEAMS. 

Constants  for  use  in  calculating  strength  of  iron  and  steel  beams: 

Cast  iron 2,000 

Wrought  Iron 2,200 

Steel  6,000 


r 
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Hard  steel  will  break  the  same  as  cast  iron.  Soft  steel  will  bend  like 
wrought  iron.  The  elastic  limit  of  wrought  iron  is  reached  at  about  2,200  lb. 
As  it  does  not  break,  we  use  the  Umit  of  elasticity. 

To  Find  tht  Quitsoent  Brtsking  Load  of  •  NorizontsI  Squsrt  or  Reetotttslor 
Iron  or  Stool  Boom  Supportod  ot  Both  Endo  ond  Loodod  ot  the  Middle.—Muluply 
the  square  of  its  depth  in  inches  by  its  breadth  in  inches;  multiply  this  result 
by  the  constant  for  the  material  used,  and  divide  by  the  length  in  feet 
between  the  supports.  For  the  neat  load,  subtract  one-half  the  wdght  of 
the  beam. 

To  Find  tho  Oalosoont  Brooking  Lood  of  o  Cyllndrlool  Iron  or  Stool  Boom. 
Find  the  breaking  load  of  a  square  beam  the  sfdes  of  which  are  equal  to  the 
diameter  of  the  round  one,  ana  multiply  by  .6. 

Sofe  worfclnt  lood  in  each  of  the  preceding  cases  is  one-third  of  the  breaking 
load.  If  the  load  is  equally  distributed  over  the  beam,  it  will  be  twice  as 
great.  

PILLARS  OR  PROPS. 
To  Find  tbf  Crashing  Lood  of  Elthor  Sqooro  or  Rootongulor  Woodon  Pllloro  or 
Props.— Oall  one  side  of  the  square  or  the  least  side  of  the  rectangle  the 
breadth.  Divide  the  square  of  the  length  in  inches  by  the  square  of  the 
breadth  in  inches,  multiply  the  quotient  by  .004,  add  1  to  the  product,  and 
divide  the  constant  in  the  following  table  by  the  result.  Then  multiply 
this  quotient  by  the  number  of  square  inches  in  the  end  of  the  piop. 

Or,  breaking  load  in  lb.  „         Constant ^^^^ 

(^X  .004]+! 

when  {  —  length  in  inches,  h  »  breadth  in  inches,  and  d  »  depth  in  inches. 
Crushing  Loads  of  Well-Seasoned  American  Woods. 


Wood. 

Crushing 
Load.    Ld. 
perSq.  In. 

Wood. 

Crushing 
Load.    Lb. 
per.  Sq.  In. 

Ash  

Beech 

6,800 
7,000 
8,000 
6,000 
4,400 
5,300 
5,800 
8,000 
5,000 
9,800 
7,000 

5,800 

Maple,  sugar,  black 

Maple,  white,  red 

Oak,  white,  red,  black 

Oak,  scrub,  basket  

Oak,  chestnut,  live 

Oak,  pin  

Pine,  white 

Pine,  pitch 

Pine,  Georgia 

Poplar  

Spruce,  black 

Spruce,  white 

Willow 

8.000 
6.800 

Birch    

Cedar,  red 

7,000 
6,000 

Cedar,  white 

7.500 

Chestnut    

Hemlock. 

Hickory 

Linden 

6,500 
5,400 
5,000 
8,500 

Locust,  black,  yellow 

Locust,  honey 

Maple,  broad-leafed 
Oregon 

5,000 
5.700 
4.500 
4.400 

For  green  timber,  take  one-half  of  the  constants  or  crushing  strength. 
Safe  working  load  equals  one-third  of  crushing  load. 

Example.— What  is  the  breaking  load  of  a  well-seasoned  hemlock  post 
10  in.  by  8  in.  and  12  ft.  long? 

5,800  -I-  [l  +  (  —-  X  .004)  1  «-  2,308.4  lb.  per  sq.  in.  of  area.    2,308.4  X  80 

»  184,6721b.    Ans. 

To  Find  tho  Brooking  Lood  of  0  Cyllndrlool  Wooden  Prop.— Find  the  breaking 
load  of  a  square  prop  whose  ends  are  equal  in  area  to  those  of  the  cylin- 
drical one,  and  proceed  according  to  foregoing  rule. 

Example.— What  is  the  safe  working  load  for  a  hemlock  mine  prop  10  in. 
diameter,  10  ft.  long? 

The  area  of  the  end  of  the  prop  =  ,78.54  sq.  in.    A  square  of  equal  area 

will  have  sides  equal  to  1/ 78.54  «=  8.86+  in. 

Then,  5,800  -^  Fl  +  (^^  X  .004)1  =-=  3,068.3  lb.  per  each  sq.  in.  of  area. 
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And  3,0&8.3  X  78.54  •«  240,198  lb.  This  is  the  crnshinff  strength  of  a  similar 
prop  of  seasoned  timber,  but,  as  mine  timber  is  used  in  its  green  state,  we 
take  one-half  of  240,198  lb.,  or  120,099  lb.,  as  the  crushing  load  of  the  prop  in 
question.    Then,  the  safe  working  load  is  one-third  of  this,  or  40,033  lb. 

The  strength  of  similar  props  varies  as  the  cubes  of  their  diameters,  and 
inversely  as  their  lengths. 

Safe  Loads,  in  Tons  op  2,000  Pounds,  for  Hollow  Cylindrical  Cast-Ibon 

Columns. 

( The  Carnegie  Steel  Co.t  JAmUed,) 


d 

"S 

Length  01 

13 

8 

10 

12 

14 

I5 

§ 

H 

Tons. 

Tons. 

Tons. 

Tons. 

6 

26.2 

23.0 

20.1 

17.5 

6 

37.5 

33.0 

28.8 

25.0 

6 

|. 

42.7 

37.6 

32.8 

28.5 

6 

1 

47.6 

41.9 

36.5 

31.8 

6 

H 

52.2 

46.0 

40.1 

84.8 

7 

47.7 

43.1 

38.5 

34.3 

7 

1 

61.1 

55.2 

49.3 

43.8 

7 

H 

67.2 

60.8 

64.3 

48.3 

8 

57.9 

53.3 

48.6 

44.1 

8 

1 

74.6 

68.7 

62.5 

56.7 

8 

U 

89.9 

82.8 

75.5 

68.4 

9 

1 

68.1 

63.6 

58.9 

64.2 

9 

1 

88.0 

82.3 

76.2 

70.0 

9 

u 

106.6 

99.6 

92.2 

84.8 

"9 

u 

123.8 

115.7 

107.1 

98.5 

9 

11 

139.6 

130.5 

120.8 

111.1 

10 

1 

101.4 

95.9 

89.8 

83.6 

10 

H 

123.3 

116.6 

109.1 

101.6 

10 

U 

143.7 

136.8 

127.3 

118.5 

10 

11 

162.7 

163.8 

144.1 

134.1 

11 

1 

114.8 

109.4 

103.5 

97.3 

11 

u 

139.9 

133.3 

126.1 

118.6 

11 

u 

163.5 

156.9 

147.5 

138.6 

11 

11 

186.7 

177.1 

167.5 

157.5 

11 

2 

206.6 

196.9 

186.3 

176.1 

12 

1 

128.0 

122.9 

117.2 

111.0 

12 

li 

156.4 

150.1 

143.1 

136.7 

12 

u 

183.3 

175.9 

167.7 

169.0 

12 

11 

208.7 

200.4 

191.0 

181.1 

12 

2 

232.7 

223.4 

213.0 

201.9 

13 

1 

141.2 

136.3 

130.7 

124.7 

13 

u 

172.8 

166.8 

160.0 

162.7 

13 

u 

203.0 

195.9 

187.9 

179.3 

13 

11 

231.6 

223.6 

214.6 

204.7 

13 

2 

258.9 

249.9 

239.7 

228.7 

14 

1 

154.3 

149.6 

144.3 

138.5 

14 

U 

189.2 

183.4 

176.9 

169.7 

14 

u 

222.6 

215.8 

208.1 

199.7 

14 

11 

264.4 

246.7 

237.9 

228.3 

14 

2 

284.8 

276.2 

266.4 

265.6 

16 

1 

167.4 

162.9 

167.8 

162.1 

15 

u 

205.5 

200.0 

193.7 

186.7 

15     U 

242.1 

235.7 

228.2 

220.0 

15     11 

277.2 

269.8 

261.3 

261.0 

15 

2 

310.8 

302.6 

293.0 

282.5 

16 

18 

20 

22 

Tons. 

Tons. 

Tons. 

Tons. 

15.2 

13.2 

11.5 

21.7 

18.9 

16.6 

24.7 

21.5 

18.8 

27.6 

24.0 

21.0 

30.2 

26.3 

23.0 

30.4 

26.9 

23.9 

21.2 

88.9 

34.4 

80.6 

27.1 

42.8 

37.9 

83.7 

29.9 

39.7 

35.8 

32.2 

28.9 

51.1 

46.0 

41.4 

37.8 

61.7 

66.5 

49.9 

44.9 

49.6 

46.2 

41.2 

37.6 

64.1 

58.4 

53.2 

48.4 

77.6 

70.8 

64.4 

58.7 

90.1 

82.2 

74.8 

68.1 

101.6 

92.7 

84.4 

76.8 

77.4 

71.5 

66.8 

60.5 

94.1 

86.8 

79.9 

73.4 

109.7 

101.2 

93.2 

86.6 

124.2 

114.6 

106.5 

97.0 

91.0 

84.8 

80.2 

73.1 

110.9 

103.3 

97.8 

89.4 

128.7 

120.8 

114.3 

104.1 

147.3 

137.2 

129.8 

118.3 

163.8 

152.6 

144.4 

131.5 

104.7 

98.4 

92.2 

86.1 

127.9 

120.2 

112.6 

105.2 

149.9 

140.9 

132.0 

123.3 

170.7 

160.4 

150.3 

140.6 

190.4 

178.9 

167.6 

156.6 

118.5 

112.1 

105.8 

99.5 

145.0 

137.2 

129.4 

121.8 

170.3 

161.1 

152.0 

143.1 

194.4 

183.9 

173.5 

163.3 

217.3 

205.5 

193.9 

182.5 

132.3 

126.9 

119.5 

113.1 

162.2 

164.4 

146.5 

138.6 

190.8 

181.7 

172.3 

163.1 

218.1 

207.6 

197.0 

186.6 

244.2 

232.4 

220.6 

208.8 

146.0 

139.7 

133.3 

126.8 

179.3 

171.5 

163.6 

156.7 

211.2 

202.1 

192.8 

183.6 

241.9 

231.4 

220.7 

•210.1 

271.2 

259.6 

247.5 

235.5 

24 


i 

O  M 


Tons. 


18.9 

24.2 

26.7 

26.1 

33.6 

40.5 

84.1 

44.1 

53.4 

62.0 

69.9 

55.5 

67.5 

78.7 

89.1 

67.7 

82.5 

96.4 

109.5 

121.8 

80.4 

98.2 

115.1 

131.1 

146.1 

98.5 

114.4 

184.8 

153.8 

171.8 

106.8 

131.0 

154.1 

176.2 

197.2 

120.4 

147.9 

174.2 

199.5 

223.6 


8.6 
12.4 
14.1 
16.7 
17.2 
14.7 
18.9 
20.8 
17.1 
22.0 
26.5 
19.4 
25.1 
30.4 
35.3 
39.9 
28.3 
34.4 
40.1 
46.4 
31.4 
38.3 
44.8 
50.9 
56.6 
84.6 
42.2 
49.5 
56.4 
62.8 
87.7 
46.1 
64.2 
61.9 
60.1 
40.8 
60.1 
58.9 
67.4 
76.4 
44.0 
54.0 
68.6 
72.9 
8L7 


26.95 

38.59 

43.96 

49.01 

53.76 

45.96 

58.90 

64.77 

53.29 

68.64 

82.71 

60.65 

78.40 

94.94 

110.26 

124.36 

88.23 

107.23 

124.99 

141.65 

98.08 

119.46 

139.68 

168.68 

176.44 

107.51 

131.41 

154.10 

175.63 

195.75 

117.58 

14S.86 

168.98 

192.88 

215.66 

127.60 

156.81 

188.67 

210.00 

285.12 

187.28 

168.48 

196.74 

227.45 

254.90 
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MnriMUM  Sapb-Bbabimo  Valubs  op  Masonbt  Matbbials. 


Materials. 


Granite,  capstone ~ 

Smiared  masonry 

Sandstone,  capstona 

Squared  masonry , 

Rubble,  laid  in  lime  mortar 

Rubble,  laid  in  cement  mortar 

Limestone,  capstone 

Squared  masonry 

Rubble,  laid  in  lime  mortar 

Rubble,  laid  in  cement  mortar 

Bricks,  hard,  laid  in  lime  mortar 

Hard,  laid  in  Portland  cement  mortar 

Hard,  laid  in  Rosendale  cement  mortar  ... 
Concrete,  1  Portland,  2  sand,  5  broken  stone 


Tons  per  Bq.  Ft 


60 
25 
25 
12 

6 
10 
86 
18 

5 
10 

7 
14 
10 
10 


8PKOIFIO  GRAVITY,  WKIQHT,  AND  PROPKRTIKSOF  MATKRIALS.  CTC. 

The  specific  gravity  of  a  body  is  the  ratio  of  its  weight  to  the  weight  of 
an  equal  Dulk  of  pure  water,  at  a  standard  temperature  (62°  F.  =  16.670°  C). 

Some  experimenters  have  used  60°  F.  as  the  standard  temperature,  others 
32°  and  still  others,  39.1°.  To  reduce  a  specific  gravity,  referred  to  water 
at  39.1°  F.,  to  the  standard  of  water  at  62°  F.,  multiply  by  1.00112. 

Given  specific  gravity  referred  to  water  at  62°  F.,  multiply  by  62.355  to 
find  the  weight  of  a  cubic  foot  of  the  substance.  Given  weight  per  cubic 
foot,  to  find  specific  gravity,  multiply  by  0.016087. 

Given  specific  gravity,  to  find  the  weight  per  cubic  inch,  multiply  by 
0.036085. 

To  Find  tho  Speciflo  Gravity  of  a  Solid  Hoavier  Than  Water.— Weigh  the  body 
both  in  fdr  and  in  water,  and  divide  the  weight  in  air  by  the  difference  of 
the  weights  in  air  and  water. 

EXAMPLB.— A  piece  of  coal  weighs,  say,  480  grains.  Loss  of  weight 
when  weighed  in  water,  898  grains. 

Then,  ^  =  1.206,  specific  gravity  of  the  coal  compared  with  water  at 
1,000. 

As  a  cubic  foot  of  water  weighs,  approximately,  1,000  oz.,  the  weight  of  a 
cubic  foot  of  any  substance  can  be  found  by  multiplying  its  specific  gravity 
by  1,000. 

To  Find  tlie  Speciflo  Gravity  of  a  Solid  Lithter  Than  Water.— Attach  to  it 
another  body  heavy  enough  to  sink  it;  weign  severally  the  compound  mass 
and  the  heavier  body  in  water,  divide  the  weight  of  the  body  in  air  by  the 
weight  of  the  body  in  air  plus  the  weight  of  the  sinker  in  water  minus  the 
combined  weight  of  the  sinker  and  body  in  water.  ^ 

To  Find  the  Speoiflc  Gravity  of  a  Fluid.— Weigh  both  in  and  out  of  the  fluid 
a  solid  (insoluble)  of  known  specific  gravity,  and  divide  the  product  of  the 
weight  lost  in  the  fluid  and  the  specific  gravity  of  the  solid  by  the  weight  of 
the  solid. 

The  weight  of  a  cubic  foot  of  water  at  a  temperature  of  62°  is  about 
1,000  oz.  avoirdupois,  and  the  specific  gravity  of  a  body,  water  being  1,000, 
shows  the  weight  of  a  cubic  foot  of  that  body  in  ounces  avoirdupois. 
Then,  if  the  magnitude  of  the  body  be  known,  its  weight  can  be  com- 
puted; or,  if  its  weight  be  known,  its  magnitude  can  be  calculated,  provided 
we  know  its  specific  gravity;  or,  of  the  magnitude,  weight,  and  specific 
gravity,  any  two  being  Known,  the  third  may  be  found. 

To  Find  the  Magnitude  of  a  Body  in  Cubic  Feet  From  its  Weight.— Divide  the 
weight  of  the  boay  in  ounces  by  1,000  times  the  specific  gravity  of  the  body. 

*  To  Find  thtf  Weight  of  a  Body  in  Ounces  From  Its  Magnitude.— Divide  the 
weight  of  the  body  in  ounces  by  the  specific  gravity  of  the  substance  mul- 
tiplied by  1,000.  ,        .  .  ^    ^ 

NoTB.— The  specific  gravity  of  any  substance  is  equal  to  its  weight  in 
grams  per  cubic  centimeter.    (See  table  of  metric  weights  and  measures.) 
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Specific  Gravity  op  Substances. 


Substance. 


Air,  atmospheric;  at  60°  F.  under  pressure  of  1  at- 
mosphere, or  14.7  lb.  per  sq.in 

Alcohol,  pure    

Alcohol,  of  commerce 

Aluminum 

Anthracite*  coal 

Asphaltum ~ 

Brass,  cast  

Brass,  rolled 

Bronze,  gun  metal 

Brick,  best  pressed 

Brick,  common  hard 

Carbonic-acid  gas 

Clay,  dry,  in  lumps,  loose 

Clay,  potters',  dry 

Cokcjloose,  of  good  coal 

Coal,  bituminous  I 

Coal,  bituminous,  broken  loose > 

Coal,  bituminous,  moderately  shaken 

Copper,   cast 

Copper,  rolled 

Earth,  common  ioam,  perfectly  dry,  loose 

Earth,  common  loam,  perfectly  dry,  shaken 

Earth,  common  loam,  perfectly  dry. moderately  packed 

Earth,  common  loam,  slightly  moist,  loose  

Earth,  common  loam,  more  moist,  loose 

Earth,  common  loam,  more  moist,  shaken 

Earth,  common  loam,  more  moist,  packed 

Earth,  common  loam,  as  a  soft  flowing  mud 

Earth,  common  loam,  as  a  soft  mud  packed 

Gold,  cast,  pure  or  24  carat. 

Gravel 

Gutta  percha 

Gypsum  (plaster  of  Paris) 

Gypsum,  in  irregular  lumps 

Gypsum,  ground,  loose - 

Gypsum,  ground,  well  shaken 

Gypsum,  calcined,  loose 

Hydrogen  gas,  14^  times  lighter  than  air  and  16  times 

lighter  than  oxygen 

Ice 

Iron,  cast 

Iron,  rolled  bars 

Iron,  sheet 

Iron,  wrought 

Lead 

Lime,  quick 

Lime,  quick,  ground,  loose,  per  struck  bushel,  66  lb. 

Mercury,  at  3^^  F 

Mercury,  at  60<^  F 

Mercury,  at  212°  F 

Nitrogen  gas,  ^  part  lighter  than  air 

Oils,  whale,  olive 


Average 
Specific 
Gravity. 

Average 
Weight  per 
Cu.  Ft.  Lb. 

.00123 

.0765 

.793 

49.43 

.834 

52.1 

2.66 

166.0 

1.5 

93.5 

1.4 

87.3 

8.1 

604.0 

8.4 

524.0 

8.5 

529.0 

160.0 

125.0 

.00187 

.1167 

' 

63.0 

1.9 

119.0 

27.5 

1.S5 

84.0 

60.0 

54.0 

8.7 

542.0 

8.9 

555.0 

.25 

15.6 

76.0 

87.0 

95.0 

78.0 

80.0 

90.0 

96.0 

108.0 

116.0 

19.26 

1,204.0 

98.0 

.98 

61.1 

2.27 

141.6 

82.0 

66.0 

64.0 

56.0 

.00527 

.92 

57.4 

7.21       , 

450.0 

7.65 

480.0 

485.0 

7.77 

485.0 

11.38 

709.6 

1.5 

95.0 

58.0 

13.62 

849.0 

13.58 

846.0 

13.38 

836.0 

.0744 

.92 

57.8 

•  Anthracite  increases  abont  75  per  oent.  in  balk  when  broken  to  any  market  liie.  A  ton 
loose,  averages  from  40  to  43  ca.  ft. 

t  A  heaped  bushel,  loose,  weighs  from  85  to  42  lb.    A  ton  oconpies  80  to  97  on.  ft. 

}  A  heaped  bushel,  loose,  weighs  about  74  lb.,  and  a  ton  occupies  from  48  to  48  en.  ft.  Bitami* 
noas  coal,  when  broken,  oooupiei  76  per  oent.  more  space  than  in  the  solid. 
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SPBCIFIC  GBAVITY  of  8UB8TANCB&-~(Cltmfintt«d). 


Substance. 


Oxygen  gas,  ^  part  heavier  than  air. 

Petroleum 

Powder 

Bosin 


Silver 

Slate 

Steel  

Sulphur  

Tallow  

Tin,  cast 

Water,  pure,  rain  or  distilled,  at  82^  F.,  Barom.  30  in. 
Water,  pure,  rain  or  distilled,  at  62^  F.,  Barom.  30  in. 
Water,  pure,  rain  or  distilled,  at  212°  F.,  Barom.  30  in. 

Water,  sea,  average 

Zinc  : 


Average 
Specinc 
Gravity. 


.00136 
.878 
1.6-1.86 
1.1 
10.5 
2.8 
7.85 
2.0 
.94 
7.35 

1.00 

1.028 
7.00 


Average 
Weirfxtj>er 
Cu.Ft.Lb. 


.0846 

54.8 
106.0 

68.6 
655.0 
175.0 
490.0 
125.0 

68.6 
459.0 

62.417 

62.355 

59.7 

64.08 
437.5 


The  following  table  gives  the  specific  gravities  of  various  coals: 

Name  of  Coal. 

Sp.  Gr. 

Weight  of  a 
Cu.  Ft.    Lb. 

Weight  of  a 
Cu.Yd.  Tons. 

Newcastle  ^artley,  England 

Wlgan,  4  ft.,  England 

Portland,  England 

Anthracite,  Wales 

Elglington,  Scotland 

Anthracite,  Irish 

Anthracite,  Pennsylvania 

Bituminous,  Pennsylvanl  a 

Block  coal,  Indiana 

1.29 
1.20 
1.30 
1.39 
1.25 
1.69 
1.66 
1.40 
1.27 

80.6 
76.0 
81.2 
86.9 
78.1 
99.4 
96.9 
87.5 
79.4 

.972 

.914 

.978 

1.047 

.941 

1.193 

1.167 

1.054 

.956 

SPECIFIC  GRAVITY  AND  WEIGHT  OF  PREPARED  ANTHRACITE  COAL. 

To  Mr.  Irving  A.  Steams,  General  Superintendent  of  the  Pennsylvania 
Railroad  Co.'s  Coal  Department,  we  are  indebted  for  the  following  sum- 
mary of  tests  made  by  the  mining  engineers  of  the  company. 

In  a  series  of  tests  to  ascertain  the  specific  gravity  or  the  coal  fW>m  diff'er- 
ent  seams  worked  by  the  company,  it  was  found  that  the  average  specific 
gravity  was  1.4784,  and  the  average  weight  per  cubic  foot  was  92.50  lb.  This 
was  calculated  for  space  filled  at  breaker  without  settling.  Add  bft  for 
packed  spaces  of  large  heaps. 

Weight  p^  Cubic  Foot  of  Susquehanna  Coal  Co.'s  White  Ash  Anthra 

CITE  Coal. 


Size 

Size  of  Mesh. 

Weight  per 

Cu.  Ft. 

Pounds. 

Cu.Ft.  From! 

Over. 

Through. 

Cu.Ft.  Solid 

Lump 

Broken 

EgiT  ■••"• 

lATge  stove 

Small  stove 

Chestnut 

Pea 

No.  1  buckwheat 
No.  2  buckwheat 

Ak"  to  9  " 
21"  to  2i" 
W  to  2i" 
ly  to  U" 
1  "  to  li" 
r'to   i" 
r'to   f 
A"  to   i" 

3i"to4i" 
2i"to2T" 
If"  to  2Y' 
li"  to  li^' 
1  "  to  li" 
i"to  J" 
f'to  f" 
A"  to  r 

67 

63 

52 

5U 

5U 

51 

501 

501 

601 

1.614 
1.755 
1.769 
1.787 
1.795 
1.804 
1.813 
1.813 
1.813 
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LINK  SHAFTINO. 

Shaftinff  is  usually  made  cylindrically  true,  either  by  a  special  rolling 
process,  wnen  it  is  known  as  oold-rolled  shafting,  or  it  is  turned  up  in  a 
machine  called  a  lathe.  In  the  latter  case,  it  is  called  bright  shafting.  What 
is  known  as  blaolc  shafting  is  simply  bar  iron  rolled  by  the  ordinary  process 
and  turned  wheve  it  receives  the  couplings,  pulleys,  bearings,  etc. 

Bright  turned  shafting  varies  in  diameter  by  ^  in.  up  to  about  Si  in.  in 
diameter;  above  this  diameter  the  shafting  vanes  by  i  in.  The  actual 
diameter  of  a  bright  shaft  is  ^  in.  less  than  the  commercial  diameter,  it 
bedng  designated  from  the  diameter  of  the  ordinary  round  bar  iron  tcom. 
which  it  is  turned.  Thus,  a  length  of  what  is  called  3'^  bright  shafting  is 
only  211  in.  in  diameter. 

Cola-rolled  shafting  is  designated  by  its  commercial  diameter;  thus,  a 
length  of  what  is  called  3"  shafting  is  3  in.  in  diameter. 

Cold-rolled  iron  is  considerably  stronger  than  ordinarv  turned  wrought 
•iron;  the  increased  strength  being  due  to  the  process  of  rolling,  which  seems 
to  compress  the  metal  and  so  make  it  denser— not  merely  skin  deep,  but 
practically  throughout  the  whole  diameter. 


STRENGTH   OF  SHAPTINQ. 

let  2>  =  diameter  of  shaft; 

B  =  revolutions  per  minute; 
H=  horsepower  transmitted; 
C  =  constant  given  in  table. 

Constants  fob  Line  Shafting. 

In  the  accompanying  table  the  bearings  are  supposed  to  be  spaced  so 

as  to  relieve  the  shaft  of 
excessive  bending;  also, 
in  the  third  vertical  col- 
umn, an  average  num- 
ber and  weight  of  pulleys 
and  power  given  off  is 
assumed. 

In    determining   the 
constants  given  in  the 
accompanying  table,  al- 
lowance has  been  made  to  insure  the  stififhess  as  well  as  strength  of  the  ^aft. 


Material  of  Shaft. 

No  Pulleys 
Between 
Bearings. 

Pulleys 
Between 
Bearings. 

Steel  or  cold-rolled  iron 

Wrought  iron 

Cast  iron 

65 
70 
9C 

85 

95 

120 

H  = 


D^XM 


^ICXH 


E 


CXH 


Shafts  are  subject  to  forces  that  produce  stresses  of  two  kinds— transverse 
and  torsional.  When  the  machines  to  be  driven  are  below  the  shaft,  there 
is  a  transverse  streifs  on  the  shaft,  due  to  the  weight  of  the  shaft  itself,  of  the 
pulley  and  tension  of  the  belt.  Sometimes  the  power  is  taken  off  horizon- 
tally on  one  side,  in  which  case  the  tension  of  the  belt  produces  a  horizontal 
transverse  stress,  while  the  weight  of  the  pulley  acts  with  the  weight  of  the 
shaft  to  produce  a  vertical  transverse  stress.  When  the  machinery  to  be 
driven  is  placed  on  the  floor  above  the  shaft,  the  tension  of  the  belt  produces 
a  transverse  stress  in  opposite  direction  to  that  due  to  the  weight  of  the 
shaft  and  pulley. 

The  torsional  strength  of  shafts,  or  their  resistance  to  breaking  by  twisting, 
is  proportional  to  the  cube  of  their  diameter.  Their  stifibess  or  resistance  to 
bending  is  proiwrtional  to  the  fourth  power  of  their  diameters,  and  inversely 
proportional  to  the  cube  of  the  lengths  of  their  spans.  No  simple  general 
formula  can  be  given  that  will  safely  apply  to  engine  and  other  shafting 
that  is  subjected  to  the  bending  stresses  produced  oy  overhung  cranks,  the 
weight  of  heavy  flywheels,  the  pull  of  large  belts,  or  to  severe  shocks  pro- 
duced by  the  intermittent  action  of  the  power  or  load.  The  calculations  for 
such  shafts  rfiould  always  be  based  on  the  special  conditions  involved. 

In  the  following  table  is  given  the  maximum  distance  between  the  bear- 
ings of  some  continuous  shafts  that  are  used  for  the  transmission  of  power. 

Pulleys  ftom  which  considerable  power  is  to  be  taken  should  always 
be  placed  as  close  to  a  bearing  as  possible. 

The  diameters  of  the  different  lengths  of  shafts  composing  a  line  of  shaft- 
ing may  be  proportional  to  the  quantity  of  power  delivered  by  each  respective 
length.    In  this  connection,  the  positions  of  the  various  pulleys  depend 


WEIGHT  OF  CASTINGS. 


Ill 


on  the  distance  between  the  pulley  and  the  bearing,  and  on  the  amount  of 
power  fi^yen  off  by  the  pulleys.  Suppose,  for  example,  that  a  piece  of  shaft- 
ing deuvers  a  certain  amount  of 

power;  then,  it  is  obvious  that  the 
shaft  will  deflect  or  bend  less  if  the 
pulley  transmitting  that  power  be 

g laced  close  to  a  hanger  or  bear- 
ig,  than  if  it  be  placed  midway 
between  the  two  hangers  or  bear- 
ings. It  is  Impossible  to  give  any 
rule  for  the  proper  distance  of  bear- 
ings that  could  be  used  univer- 
sally, as  in  some  cases  the  require- 
ments demand  that  the  beimngs 
be  nearer  together  than  in  others. 
If  the  work  done  by  a  line  of  shaft- 
ing is  distributed  quite  equally 
along  its  entire  length,  and  the 
power  can  be  applied  near  the 
middle,  the  strength  of  the  shaft 
need  be  only  half  as  great  as  would 
be  required  if  the  power  were  applied  at  one  end  of  the  shaft 

WEIGHT  OF  CASTINGS. 
To  Find  tht  Approximate  Weight  of  a  Casting.— For  iron,  multiply  the  weight 
of  the  pattern  by  20.    Copper  is  i  heavier;  lead,  |  heavier;  brass,  |  heavier; 
and  zinc  Is  ^  as  heavy. 


Distance  Between  Bearings. 

Diameter 

Feet. 

of  ShAft 

Inches. 

Wrought-Iron 
Shaft. 

Steel  Shaft. 

2 

U 

11.50 

3 

13 

13.75 

4 

16 

15.75 

6 

17 

18.25 

6 

19 

20.00 

7 

21 

22.25 

8 

23 

24.00 

9 

25 

26.00 

Thickness 

or 

Diameter. 

Inches. 

Weight  of 

Weight  of  a 

Weight  of  a 

\M 

Weight  of 

Weight  of  a 

Weight  of  a 

a  Square 

Square  Bar 

Round  Bar 

a  Square 

Square  Bar 
1  Ft.  Long. 

Round  Bar 

•     Foot. 

1  Y%,  Long. 

1  Ft.  Long. 

S*il 

Foot. 

1  Ft.  Long. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

i 

9.375 

.195 

.164 

41 

168.7 

63.33 

49.71 

i 

14.06 

.440 

.346 

41 

173.4 

66.86 

52.62 

\ 

18.75 

.781 

.610 

41 

178.1 

70.52 

65.89 

1 

23.44 

1.221 

.969 

^ 

182.8 

74.27 

68.84 

f 

28.12 

1.758 

1.381 

5 

187.5 

78.12 

61.87 

i 

32.81 

2.893 

1.880 

6i 

196.9 

86.14 

67.66 

1 

37.50 

3.126 

2.456 

6i^ 

206.2 

94.54 

74.26 

\\ 

42.19 

8.956 

3.107- 

51 

215.6 

103.8 

81.16 

46.87 

4.883 

3.835 

6 

225.0 

112.6 

88.36 

\\ 

51.67 

6.909 

4.640 

6i 

234.4 

122.1 

95.89 

66.26 

7.033 

5.523 

6^ 

243.8 

132.0 

103.7 

11 

60.94 

8.253 

6.484 

6} 

253.1 

142.4 

111.9 

If 

65.63 

9.672 

7.518 

7 

262.5 

153.2 

120.2 

n 

70.32 

10.99 

8.630 

71 

271.9 

164.2 

129.0 

2 

75.01 

12.50 

9.821 

7i 

281.3 

176.8 

138.1 

^ 

79.70 

14.11 

11.09 

71 

290.7 

187.7 

147.4 

a 

84.40 

15.83 

12.43 

8 

300.0 

200.1 

157.0 

21 

89.07 

17.63 

13.85 

8i 

309.4 

212.7 

167.0 

2i 

93.75 

19.54 

16.34 

Si 

318.8 

226.8 

177.3 

98.44 

21.54 

16.56 

81 

328.2 

239.3 

187.9 

2| 

103.2 

23.64 

18.56 

9 

337.4 

263.1 

198.8 

2f 

107.8 

26.84 

20.29 

9i 

346.8 

267.4 

210.0 

3 

112.6 

28.13 

22.10 

9i 

356.2 

282.1 

221.6 

n 

117.3 

30.52 

23.97 

91 

865.6 

297.0 

238.3 

121.8 

33.01 

25.93 

10 

375.0 

812.5 

245.5 

^ 

126.5 

35.60 

27.96 

lOi 

384.4 

328.4 

257.8 

3 

131.2 

38.28 

30.07 

lOi 

393.7 

344.5 

270.6 

3 

135.9 

41.07 

32.25 

10* 

403.1 

361.2 

283.7 

3 

140.6 

43.95 

34.51 

11 

412.5 

378.2 

297.0 

3 

145.3 

46.93 

36.a5 

Hi 

421.9 

896.6 

310.6 

4 

150.0 

60.01 

39.27 

Hi 

481.2 

413.8 

824.6 

4- 

154.7 

63.18 

41.77 

111 

440.6 

481.4 

838.8 

169.8 

66.46 

44.33 

12 

460.0 

460.0 

356.4 

41 

164.0 

69.82 

46.99 

r 
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WEIGHT  OP  MATMSrAlSL 


WKIOHTS   OP   SHKKT8  AND    PLATKS  OP  STKEL,  WROUGHT   IRON, 

OOPPKR,  AND    BRASS. 

{Cambria  Steel  Cto.) 

American,  or  Brown  &  Sharps,  Gaugk. 


^T-k 

Weight  Per  Square  Foot. 

No. 

of 

Gauge. 

Thickness. 
Inch. 

Steel. 

Iron. 

Copper. 

Brass. 

0000 

.460000 

18.7680 

18.4000 

20.8380 

19.6880 

000 

.409642 

16.7134 

16.3857 

18.6568 

17.6827 

00 

.364796 

14.8837 

14.5918 

16.5253 

16.6188 

0 

.824861 

13.2543 

12.9944 

14.7162 

18.9041 

1 

.289297 

11.8033 

11.5719 

13.1062 

12.3819 

2 

^7627 

10.5112 

10.8051 

11.6705 

11.0264 

3 

.229423 

9.3605 

9.1769 

10.3929 

9.8198 

4 

.204307 

8.3357 

8.1723 

9.2551 

8.7443 

5 

.181910 

7.4232 

7.2776 

8.2419 

7.7870 

6 

.162023 

6.6105 

6.4809 

7.3396 

6.9846 

7 

.144285 

5.8868 

5.7714 

6.5361 

6.1754 

8 

.128490 

5.2424 

5.1396 

6.8206 

6.4994 

9 

.114423 

4.6685 

4.6769 

6.1834 

4.8978 

10 

.101897 

4.1574 

4.0759 

4.6159 

4.3612 

11 

.090742 

3.7023 

3.6297 

4.1106 

3.8838 

12 

.080808 

3.2970 

3.2323 

3.6606 

3.4586 

13 

.071962 

2.9360 

2.8785 

3.-2599 

8.0800 

14 

.064084 

2.6146 

2.5634 

2.9030 

2.7428 

15 

.057068 

2.3284 

2.2827 

2.5852 

2.4425 

16 

.050821 

2.0735 

2.0328 

2.3022 

2.1751 

17 

.045257 

1.8465 

1.8103 

2.0501 

1.9870 

18 

.040303 

1.6444 

1.6121 

1.8257 

1.7250 

19 

.035890 

1.4643 

1.4356 

1.6258 

1.5361 

20 

.031961 

1.3040 

1.2784 

1.4478 

1.8679 

21 

.028462 

1.1612 

1.1385 

1.2893 

1.2182 

22 

.025346 

1.0341 

1.0138 

1.1482 

1.0848 

23 

.022572 

.92094 

.90288 

1.0225 

.96606 

24 

.020101 

.82012 

.80404 

.91058 

.86082 

25 

.017900 

.73032 

.71600 

.81087 

.76612 

26 

.015941 

.65039 

.63764 

.72213 

.68227 

27 

.014195 

.57916 

.56780 

.64303 

.60756 

28 

.012641 

.51576 

.50564 

.57264 

.64103 

29 

.011257 

.45929 

.45028 

.50994 

.48180 

30 

.010025 

.40902 

.40100 

.45413 

.42907 

31 

.008928 

.36426 

.35712 

.40444 

.38212 

32 

.007950 

.32436 

.31800 

.36014 

.84026 

33 

.007080 

.28886 

.28320 

.32072 

.80302 

34 

.006305 

.25724 

.25220 

.28562 

.26965 

85 

.005615 

.22909 

.22460 

.25436 

.24032 

86 

.005000 

.20400 

.20000 

.22650 

.21400 

37 

.004453 

.18168 

.17812 

.20172 

.19069 

38 

.003965 

.16177 

.15860 

.17961 

.10970 

39 

.003531 

.14406 

.14124 

.15995 

.15118 

40 

.003144 

.12828 

.12576 

.14242 

.18466 

These  w^hM  &re  Ibi  plain  pipe.    For  hautbov  pipe,  add  g  In.  In  len^h 
It  each  Joint.    Pbr  oopper,  ada  t;  loi  lead,  |;  loi  velded  Iron,  ft. 


FonnnlasfocWoodacrewB. 

No 

Diameter. 

No 

N^ 

JC  -  nnmber 

~a 

D  _  diameWc 

1 

.215 

.361' 

.083 

.2» 

24 

.096 

14 

.241 

3Bb 

.401 

.268 

,414 

28 

.427 

.49 

18 

.298 

19 

.308 

SO 

'.  76 

.S21 

» 

J88 

E- 

.334 

r 
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WEIGHT  OF  MATERIALS, 


WKIQHT  OP  WROUGHT  IRON. 

The  following  table  is  for  wrought  iron.   Multiply  by  .95  for  weight  of  cast 
Iron;  by  1.02  for  steel;  by  1.16  for  copper;  by  1.09  for  brass;  by  1.48  for  lead. 


Thiokness 

or 

DUmetor. 
Inches. 


J 
t 

I 
* 

1 

II 

u 
1* 

II 

2 


2t 
21 
2J 
3 

it 

3i 
3* 
31 
31 
3J 
4 

It 


Weight 

Weight  of  • 

of  • 

Square  Bar 
1  Ft.  Long. 

Square  Foot. 

Pounds. 

Pounds. 

5.052 

.0526 

10.10 

J2105 

15.16 

.4786 

20.21 

.8420 

25.26 

1.316 

30.31 

1.895 

35.37 

2.579 

40.42 

3.368 

45.47 

4.263 

50.52 

5.263 

55.57 

6.368 

60.63 

7.578 

65.68 

8.893 

70.73 

10.31 

75.78 

11.84 

80.83 

13.47 

85.89 

15.21 

90.94 

17.05 

95.99 

19.00 

101.0 

21.05 

106.1 

23.21 

111.2 

25.47 

116.2 

27.84 

121.3 

30.31 

126.3 

32.89 

131.4 

35.57 

136.4 

38.37 

141.5 

41.26 

146.5 

44.26 

151.6 

47.37 

156.6 

50.57 

161.7 

53.89 

166.7 

57.31 

171.8 

60.84 

Weight  of  a 

Thickness 

Round  Bar 

or 

1  Ft.  Long. 

Diameter. 

Pounds. 

Inches. 

.0414 

4i 

.1663 

4^ 

.3720 

41 

.6613 

41 

1.033 

4i 

1.488 

5 

2.025 

5^ 

2.645 

ti 

3.348 

4.133 

6 

6.001 

6i 

5.952 

6* 

6.985 

6* 

8.101 

7 

9.800 

7- 

10.58 

7 

11.95 

71 

13.39 

8 

14.92 

8i 

16.53 

8t 

18.23 

8* 

20.01 

9 

21.87 

9i. 

23.81 

9* 

25.83 

9f 

27.94 

10 

80.13 

lOJ 

32.41 

10* 

34.76 

lOf 

37.20 

11 

39.72 

lU 

42.33 

Hi 

45.01 

lU 

47.78 

12 

Weight 

of  a 

Square  Foot. 

Pounds. 


176.8 
181.9 
186.9 
192.0 
197.0 
202.1 
212.2 
222.8 
232.4 
242.5 
252.6 
262.7 
272.8 
282.9 
293.0 
303.1 
313.2 
323.3 
333.4 
343.5 
353.6 
363.8 
373.9 
384.0 
394.1 
404.2 
414.3 
424.4 
434.5 
444.6 
454.7 
464.8 
474.9 
485.0 


Weight  of  a 

Square  Bar 

1  Ft.  Long. 

Pounds. 


64.47 
68.20 
72.05 
75.99 
80.06 
84.20 
92.83 
101.9 
111.4 
121.3 
181.6 
142.3 
153.5 
165.0 
177.0 
189.5 
202.3 
215.6 
229.3 
243.4 
247.9 
272.8 
288.2 
304.0 
820.2 
336.8 
353.9 
871.3 
889.2 
407.5 
426.3 
445.4 
465.0 
485.0 


Weight  of  a 

Round  Bar 

1  Ft.  Long. 

Pounds. 


50.63 
53.67 
66.69 
59.69 
62.87 
66.13 
72.91 
80.02 
87.46 
95.23 
103.3 
111.8 
120.5 
129.6 
139.0 
148.8 
168.9 
169.3 
180.1 
101.1 
202.5 
214.3 
226.3 
238.7 
251.5 
264.5 
277.9 
291.6 
805.7 
820.1 
834.8 
349.8 
365.2 
380.9 


Spikes  and  Nails. 


Standard  Steel-Wire  Nails. 

Steel- W'IrA  Snlkfls. 

Comf^'^*^  Tw\n  Walla 

Sites. 

Length. 

In 

Common. 

Finishing. 

"  — —  — r- 

' 

Diam. 

No.  per 

Diam. 

No.  per 

Length. 

Diam. 

No.  per 

Sixe. 

Length. 

No.  per 

In. 

Lb. 

In. 

Lb. 

In. 

In. 

Lb. 

In. 

Lb. 

2d 

1 

.0524 

1,060 

.0453 

1,558 

3 

.1620 

41 

2d 

1 

800 

3d 

u 

.0588 

640 

.0508 

913 

3i 

.1819 

30 

8d 

u 

400 

4d 

1* 

.0720 

380 

.0508 

761 

4 

.2M3 

23 

4d 

Ik 

300 

5d 

u 

.0764 

275 

.0571 

500 

4i 

.2294 

17 

5d 

11 

200 

6d 

2 

.0808 

210 

.0641 

350 

5 

.2576 

13 

6d 

2 

150 

7d 

2i 

.0858 

160 

.0641 

315 

5* 

.2893 

11 

7d 

2i 

120 

8d 

2t 

.0935 

115 

.0720 

214 

6 

.2893 

10 

8d 

2* 

85 

9d 

21 

.0963 

93 

.0720 

195 

6* 

.2249 

7* 

9d 

21 

75 

lOd 

3 

.1082 

77 

.0808 

137 

7 

.2249 

7 

lOd 

8 

60 

12d 

81 

.1144 

60 

.0808 

127 

8 

.3648 

5 

12d 

8i 

50 

16d 

3i 

.1285 

48 

.0907 

90 

9 

.3618 

4i 

16d 

3i 

40  . 

20d 

4 

.1620 

31 

.1019 

62 

20d 

4 

20 

80d 

4i 

.1819 

22 

30d 

4i 

16 

40d 

5 

.2043 

17 

40d 

5 

14 

60d 

5* 

.2294 

13 

50d 

5i 

11 

60d 

6 

.2576 

11 

60d 

6 

8 
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Wbioht,  in  Pounds,  op  1  Linbal  Foot  of  Wbovobt  Ibon— Flat. 

Multiply  by  .95  for  weight  of  cast  iron;  by  1.02  for  weight  of  steel;  by  1.16 
for  copper;  by  1.09  for  brass;  by  1.48  for  lead. 


Size. 
Inches. 


1  X 
liX 
UX 
UX 

2  X 
2i-X 
2tX 
2IX 
8  X 
Six 
8*X 
3f  X 

4  X 
4iX 
4*X 
41  X 

5  X 
5iX 
5tX 
5IX 

6  X 


i 


Weight. 
Pounds. 


0.85 
1.06 
1.27 
1.48 
1.69 
1.90 
2.11 
2.82 
2.53 
2.75 
2.96 
8.17 
8.88 
8.59 
3.80 
4.01 
4.22 
4.44 
4.65 
4.86 
5.07 


1  xt 

1.27 

Uxt 

1.58 

lix* 

1.90 

uxt 

2.22 

2  xt 

2.53 

2iXf 

2.85 

24X1 

8.17 

2*Xf 

8.49 

3   Xt 

8.80 

Six* 

8ix} 

4.12 

4.44 

31X1 

4.75 

4   Xt 

5.07 

4iXf 

5.89 

4*Xt 
4|X} 

6.70 

6.02 

5    Xt 

6.83 

Size. 
Inches. 


5iXt 
5tXt 
51  Xt 
6   Xt 


1  X 
UX 
UX 
UX 

2  X 
2iX 
2tX 
2*X 

3  X 
8iX 
3iX 
3*X 


Weight. 
Pounds. 


6.65 
6.97 
7.29 
7.60 

1.69 
2.11 
2.53 
2.96 
8.88 
8.80 
4.22 
4.65 
5.07 
5.49 
5.92 
6.33 
6.76 
7.18 
7.60 
8.03 
8.45 
8.87 
9.30 
9.72 
10.14 

2.11 
2.64 
3.17 
3.70 
4.22 
4.75 
5.28 
5.81 
6.33 
6.87 
7.39 
7.92 


Size. 
Inches. 


4  X 
4iX 
4iX 
4|X 

5  X 
5iX 
5tX 


5|Xt 
6   Xt 

1  XI 
UX* 

uxt 

UX# 

2  Xl 


2tX 
2tX 
21  X 
8  X 
8|X 

3ix 

31  X 

4  X 
4tX 
4tX 
41  X 

5  X 
6tX 
5tX 
5IX 

6  X 

UX 
2   X 


8 
4 
5 
6 

7 


X 
X 
X 
X 
X 


t 
* 
* 
* 
* 
t 
* 
* 
* 
* 
t 
t 
* 
t 
t 
I 

1 
1 
1 
1 
1 
1 
1 


Weight. 
Pounds. 


8.45 
8.98 
9.51 
10.08 
10.56 
11.09 
11.62 
12.15 
12.67 

2.68 

8.17 

8.80 

4.41 

5.07 

5.70 

6.33 

6.97 

7.60 

8.24 

8.87 

9.51 

10.14 

10.77 

11.41 

12.04 

12.67 

13.31 

13.94 

14.57 

15.^21 

5.07 
6.76 
10.14, 
18.52 
16.90 
20.28 
23.66 


Strength  op  Metals  in  Pounds  per  Square  Inch. 


Material. 


{ 


Wrought  iron 
Shape  iron 

Structural  steel 

Cast  iron    

Steel,  castings 

Brass,  cast 

Bronze,  phosphor 

Bronze,  aluminum 
Aluminum,  commercial 


Ultimate 
Tensile. 

Ultimate 
Compres- 
sion. 

Ultimate 
Shearing. 

Modulus 

of 
Rupture. 

50,000 

44,000 

44,000 

48,000 

48,000 

60,000 

65,000 

52,000 

52,000 

60,000 

18,000 

81.000 

25,000 

45,000 

70,000 

70,000 

60,000 

70,000 

24,000 

♦30,000 

86,000 

20,000 

50,000 

76,000 

120,000 

15,000 

12,000 

12,000 

Modulus 

of 

Elasticity. 

MilUons. 

27 
26 

29 
12 
80 
9 
14 

11 


•  Unit  stress  producing  10j(  reduction  in  original  length. 
5 


r 
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WEIGHT  OP  MATERIALS. 


Weight  of  Weouqht-Iron  Bolthkads,  Nuts,  and  Wasrebs. 


Diameter  of 
Bolt. 

Hexagon  Heads 
and  Nuts. 

Square  Heads 
and  Nuts. 

Round  Washers. 
Per  Pair. 

Inchefl. 

Per  Pair. 

Per  Pair. 

i 

20  to  a  lb. 

16  to  a  lb. 

20  to  a  lb. 

\ 

10  to  a  lb. 

8i  to  a  lb. 

10  to  a  lb. 

5  to  a  lb. 

4|  to  a  lb. 
2|  to  a  lb. 

5toalb. 

1 

21  to  a  lb. 

8  to  a  lb. 

2  to  a  lb. 

0.56  lb. 

0.63  lb. 

1 

,     0.77  lb. 

0.88  lb. 

0.77  lb. 

1 

1.251b. 

1.31  lb. 

1.25  lb. 

1 

1.75  lb. 

2.101b. 

1.751b. 

1; 

2.13  lb. 

2.561b.  . 

2.251b. 

If 

3.00  lb. 

8.601b. 

8.251b. 

Ik 

8.751b. 

4.421b. 

4.25  lb. 

11 

4.76  lb. 

5.701b. 

5.251b. 

11 

5.75  Ibw 

7.00  lb. 

6.50  lb. 

11 

7.271b. 

a72lb. 

8.00  lb. 

2 

8.751b. 

10.50  lb. 

9.60  lb. 

Weight  op  100  Bolts  With  Square  Heads  and  Nuts. 
( The  Cameffie  8ted  Co.,  Limited.) 


Diameter  of  Bolts. 

Length 

Under 

Head  to 

Polat. 

Lb. 

K 

Lb. 

K 

Lb. 

Lb. 

K. 

Lb. 

1" 
Lb. 

li 

4.0 

7.0 

10.5 

15.2 

22.5 

39.5 

63.0 

11 

4.4 

7.5 

11.8 

16.8 

23.8 

41.6 

66.0 

2 

4.8 

8.0 

12.0 

17.4 

26.2 

43.8 

69.0 

109.0 

163 

2i 

5.2 

8.5 

12.8 

18.5 

26.6 

46.8 

72.0 

113.3 

r   169 

2i 

5.5 

9.0 

13.5 

19.6 

27.8 

48.0 

75.0 

117.5 

174 

21 

5.8 

9.5 

14.3 

20.7 

29.1 

60.1 

78.0 

121.8 

180 

3 

6.3 

10.0 

15.0 

21.8 

30.6 

52.3 

81.0 

126.0 

185 

31 

7.0 

11.0 

16.5^ 

24.0 

33.1 

56.6 

87.0 

134.3 

196 

4 

7.8 

12.0 

18.0 

26.2 

86.8 

60.8 

93.1 

142.5 

207 

4i 

8.6 

13.0 

19.5 

28.4 

38.4 

66.0 

99.1 

151.0 

218 

5 

9.3 

14.0 

21.0 

80.6 

41.1 

69.3 

105.2 

159.6 

229 

H 

10.0 

15.0 

22.5 

32.8 

43.7 

73.5 

111.3 

168.0 

240 

6 

10.8 

16.0 

24.0 

35.0 

46.4 

77.8 

117.3 

176.6 

251 

6i 

25.5 

37.2 

49.0 

82.0 

123.4 

186.0 

262 

7 

27.0 

39.4 

51.7 

86.3 

129.4 

193.7 

273 

7* 

28.5 

41.6 

54.3 

90.5 

135.0 

202.0 

284 

8 

30.0 

43.8 

69.6 

94.8 

141.6 

210.7 

295 

9 

46.0 

64.9 

103.3 

163.6 

227.8 

317 

10 

48.2 

70.2 

111.8 

165.7 

224.8 

339 

11 

60.4 

76.6 

120.3 

177.8 

261.9 

360 

12 

52.6 

80.8 

128.8 

189.9 

278.9 

882 

13 

86.1 

137.3 

202.0 

296.0 

404 

14 

91.4 

145.8 

214.1 

818.0 

426 

15 

96.7 

164.3 

226.2 

330.1 

448 

16 

102.0 

162.8 

238.3 

847.1 

470 

17 

107.3 

171.0 

250.4 

364.2 

482 

18 

112.6 

179.6 

262.6 

881.2 

514 

19 

117.9 

188.0 

274.7 

S98.8 

£86 

20 

123.2 

206.5 

286.8 

415.3 

658 

Per  Inch 
Addit'al. 

1.4 

2.1 

3.1 

4.2 

5.5 

8.5 

12.3 

» 

16.7 

2L8 
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IRON  RKQUIRKD  FOR  ONK  MILK  OP  TRAOK. 

Tons  op  Iron. 

Rait.— 3b  Jind  thenvmber  of  tons  ofraiU  to  the  mUe,  divide  the  weightperyard 
by  7,  and  mtUHply  by  11.  Thus,  for  66-pound  rail,  divide  66  by  7  equal  8,  mutH- 
plied  by  11  equal  88  tonStfor  1  mile  of  single  Irack. 


Wfilght  of 

Rail  per  Yard. 

Pounds. 

Tons  per  Mile. 

Weight  of 

Rail  per  Yard. 

Pounds. 

Tons  per  Mile. 

Tons. 

Pounds. 

Tons. 

Pounds. 

12 
14 
16 
18 
20 
22 
25 
26 
27 
28 
80 
83 
86 
40 

18 
2S 
25 
28 
81 
84 
80 
40 
42 
44 
47 
51 
66 
62 

1,920 

820 
640 
960 

1,280 
640 

1,920 
960 

820 
1,920 

1,920 

46 

48 
50 
52 
56 
67 
60 
62 
64 
65 
68 
70 
72 
76 

70 

75 

78 

81 

88 

89 

94 

97 

100 

102 

106 

110 

113 

119 

1,600 

960 

1,280 

1,600 

1,280 
640 
960 

1,280 
820 

1,920 

320 
960 

Number  op  Raiub,  Splices,  and  Bolts  per  Mile  op  Track. 


Length  of 
Rail.   Feet. 

No.  of  Rails 
per  Mile. 

No.  of  Splices. 

No.  Of  Bolts, 

4  to  Each 

Joint. 

No.  of  Bolts, 

6  to  Each 

Joint. 

18 

586 

1,168 

2,336 

3,501 

20 

528 

1,056 

2,112 

3,168 

21 

503 

1,006 

2,012 

3,018 

22 

480 

960 

1,920 

2,880 

24 

440 

880 

1,760 

2,640 

25 

422 

844 

1.688 

2,532 

26 

406 

812 

1,624 

2,436 

2T 

391 

782 

1,564 

2.346 

28 

377 

754 

1,508 

2,262 

80 

352 

704 

1,408 

2,112 

Railroad  Spikes  per  Mile  op  Track. 


Size  Measured 
Under  Head. 

Average  No. 

per  Keg 

of  200  Lb. 

Ties  2  Ft.  Between  Centers, 
4  Spikes  to  a  Tie. 

Rails  Used. 
Pounds  per 

Inches. 

Pounds. 

Kegs. 

Yard. 

5iXA 
6  XA 
5  xt 
4iXi 
4   xl 
44XA 
4   XA 
3*XA 
4   Xf 
3iX* 
8  XI 
2*X| 

875 

400 

450 

530 

600 

680 

720 

900 

1,000 

1,190 

1,340 

1,342 

5,870 
5,170 
4,660 
3,960 
3,520 
3,110 
2,910 
2,350 
2,090 
1,780 
1,710 
1,575 

29J 
26 

20 
17f 
15i 
14f 
11 
lOi 
9 

n 

45  to  70 
40  to  56 
35  to  40 
28  to  35 
24  to  35 

-     20to30 

•     16  to  25 

.     16  to  20 
12  to  16 

r 
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WIRE  ROPES. 

Wire  ropes  for  mine  use  are  made  of  either  iron  or  steel,  and  are  gener- 
ally  round.  Flat  wire  ropes  are  sometimes  used,  but  the  round  rope  is  the 
favorite  for  many  reasons,  and  is  generally  used  in  American  practice, 
excepting  in  some  of  the  deep  metal  mines  having  small  compartoient  shafts. 

Taper  ropes  are  sometimes  used,  the  idea  being  to  produce  a  rope  of  uni- 
form strength,  that  is,  to  have  it  less  strong  and  of  less  diameter  at  the  cage 
end,  where  the  load  is  least,  and  greater  in  strength  and  diameter  at  the 
drum  end,  where  the  load  is  greatest.  The  theory  is  correct,  and  some 
weight  of  rope  is  saved;  but  practically  there  is  not  much  advantage,  and  it 
is  doubtftil  whether  taper  ropes  will  ever  be  generallv  used.  The  long- 
established  conviction  that  the  best  of  all  ropes  for  coluery  use  is  a  round 
one  made  of  steel  or  iron  has  never  been  overcome  and  probably  never 
will  be. 

Steel  ropes  are  in  most  respects  superior  to  iron  ropes,  and  are  therefore 
gaining  in  mvor  every  year.  The  principal  advantage  of  a  steel  rope  is  that 
it  has  a  greater  strength  than  an  iron  rope  of  equal  diameter;  consequently, 
it  can  be  made  lighter  and  can  pass  around  pulleys  and  drums  with  less 
injury  than  an  iron  rope  of  equal  stren&th. 

In  fastening  a  rope  to  a  drum  there  is  often  a  grievous  error  made.  Men 
who  will  not  think  of  passing  a  rope  around  a  pulley  of  too  small  diameter 
will  insert  it  in  the  drum  rim  in  such  a  way 
as  to  make  a  very  sharp  curve,  and  make  a 
weak  point  in  the  rope  that  would  not  other- 
wise exist.  In  the  accompanying  cut  (a) 
shows  the  right  and  (6)  the  wrong  way  of 
I)assing  the  rope  through  the  drum  rim.  (a)  (bj 

The  securing  of  the  rope  to  the  drum  or 
the  drum  shaft  oy  several  coils  around  each  is  unnecessary.  With  one  coil 
around  either  the  drum  or  the  shaft,  a  pull  of  1  lb.  will  resist  a  weight  of 
9  lb.;  if  two  coils,  a  pull  of  1  lb.  will  resist  9  X  9,  or  81  lb.;  if  three  coils, 
9  X  9  X  9,  or  729  lb.;  and  so  on,  multiplying  the  former  result  by  9  for  each 
additional  coil. 

No  rope  should  be  subjected  to  a  load  greater  than  the  safe  working 
strain.  There  is,  of  course,  in  all  cases,  a  wide  margin  between  the  break- 
ing strain  and  the  working  load,  and  on  this  account  it  is  supposed  that  no 
risk  is  run  by  putting  on  a  load  considerably  in  excess  of  the  maker's  safe 
working  strain.  This  is  a  mistake;  and  it  is  false  economy.  A  rope  over- 
loaded Is  unduly  strained,  and,  although  showing  no  defect  at  the  moment, 
it  will  some  day  give  way  without  warning.  Drums  and  rope  pulleys 
should  have  as  great  diameters  as  the  engines  will  allow.  Boi)es  should  be 
regularly  and  properly  greased.  This  can  best  be  done  with  brushes,  but 
brush  greasing  takes  considerable  time.  While  it  pays  in  the  long  run,  it  is 
not  always  convenient  to  use  brushes.  A  fiedrly  good  and  cheap  arrange- 
ment for  greasing  ropes  is  to  make  a  wooden  trough,  wide  at  top,  and  small 
enough  at  bottom  to  fit  loosely  around  the  rope.  Make  a  xnixture  of  1 
barrel  of  coal  tar  or  pitch  tar  to  1  bushel  of  fresh  slaked  lime,  and  boll  it 
well.  Then  fill  the  trough  with  this  mixture  and  run  the  rope  dowly 
through  it. 

A  rope  should  not  be  changed  firom  a  large  drum  to  a  small  one,  for  it 
will  not  work  so  well,  neither  will  it  last  as  long.  This  is  also  true,  but  in  a 
lesser  degree,  of  ropes  changed  from  a  small  drum  to  a  large  one.  After 
having  been  used  for  some  time  on  a  drum,  the  rope  adapts  itself  to  that 
diameter  and  resents  a  change.  Rope  sheaves  should  be  made  to  fit  the 
rope,  and  should  be  filled  in  with  well-seasoned  blocks  of  oak  or  other  hard 
wood,  set  on  end.    This  will  save  the  rope  and  increase  adhesion. 

Where  great  flexibility  is  required,  such  as  in  hoisting  ropes,  the  strands 
are  usually  made  up  of  19  wires  each,  while  haulage  ropes  have  but  7  wires 
to  the  strand;  yet,  both  kinds  have  6  strands.  A  hemp  core  is  generally 
used,  and  in  some  cases  a  core  is  also  placed  in  each  strand,  to  ftirther  increase 
the  flexibility  of  the  rope. 

The  lay  of  the  rope  is  the  twist  or  pitch  of  the  wires  in  the  strand,  or  of 
the  strands  in  the  rope.  As  the  lay  of  the  wires  is  less  than  that  of  the 
itrands,  each  wire  is  exposed  to  external  wear  for  short  distances  at  intenralg 
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along  the  rope.  In  the  ordinary  lay.  Fig.  (a),  the  wires  are  twisted  in 
ttie  opposite  direction  to  the  strands.  This  method  prevents  the  rope  from 
untwilting  when  in  use,  and  the  wires  from  unraveling  when  they  are  worn 
through  or  broken  at  the  surtkce.  In  the  Lang  lay.  Fig.  (5),  the  wires 
are  twisted  in  the  same  direction  as  the  strands,  thus  giving  each  wire  a 
greater  wearing  surface,  while  the  rope  is  smoother  and  will  wear  longer. 
After  the  wires  b^n  to  breiJc,  unraveling  becomes  troublesome,  and  it  is 
more  dil&cult  to  splice  a  Lang  lay  rope  than  an  ordinary  lav  one.  Hoisting 
rope&  especially  those  used  to  raise  and  lower  men,  should  not  be  spliced. 
The  locked  wire  rope,  a  cros»«ection  of  which  is  shown  in  Fig.  (c),  consists 
of  wires  of  special  cross-section  formed  in  concentric  layers.  Tne  lay  of 
the  inner  wires  is  opposite  to  that  of  the  outer  ones,  and  somewhat  longer. 
This  prevents  untwisting,  and  brings  the  greater  stress  upon  the  outade 


layer,  which  is  supposed  to  give  way  first  The  inside  layer,  although  inac- 
ccwible,  and  ther^ore  cannot  be  inspected  or  oiled,  can  be  relied  upon 
until  the  external  portion  of  the  rope  wears  out  This  form  of  rope  has  a 
smooth  cylindrical  surface,  but  it  is  not  so  flexible  as  the  other  forms,  and  is 
most  suitable  for  haulage  purposes  or  bucket  transportation.  The  life  of  a 
steel  rope  depends  largely  on  the  conditions  to  whicn  it  is  subjected,  and  the 
care  it  receives.  At  some  mines  the  ropes  must  be  changed  every  six 
months,  while  at  others  the  ropes  last  for  one  year  and  longer.  Where  the 
rope  enters  the  socket  by  which  it  is  attached  to  the  ca^e  is  perhaps  the 
place  where  signs  of  weakness  will  first  appear.  This  point  should  be  fre- 
quently inq>ected,  and  a  new  connection  made  every  two  or  three  months 
by  cutong  a  few  feet  off  the  end  and  paying  it  out  from  the  drum  end. 


WKIQHT8  AND   8TRKNQTHS  OF  WIRK   ROPKS. 

Flat  Ropes 
( Trenton  Iron  Co,^  Trenton^  N.  J.) 


Breaking  Stress. 

Approximate 

Weight  per  Foot. 

Tounds. 

( Approximate. )    Pounds. 

Size.    Inches. 

Iron. 

Cast  Steel. 

2  Xf 

1.85 

20.000 

40,000 

2^X* 

1.70 

25,000 

50,000 

8  Xf 

2.05 

30,000 

60,000 

81X1 

2.40 

35,000 

70,000 

4  xl 

2.76 

40,000 

80,000 

5  Xt 

3.45 

50.000 

100,000 

6  Xf 

4.15 

60,000 

120,000 

8  Xt 

2.40 

87,500 

75,000 

8iXf 
4  XI 

2.85 

43,750 

87,500 

8.30 

50.000 

100,000 

6  Xt 

4.20 

62,500 

125,000 

6  X 

6.10 

75,000 

150,000 

7  xt 

6.00 

87,500 

175,000 

8  Xt 

6.90 

100,000 

200,000 

For  safe  working  load  allow  ttom  one-fifth  to  onenseventh  of  the  break- 
ing strew. 
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The  wire-rope  table  giyen  on  pages 
120  and  121  is  a  rearrangement  of  the 
standard  tables  published  in  the  catap 
loguee  of  most  of  the  Am^can  mann- 
fiacturers  of  wire  rope. 

The  proper  working  load  given  in 
this  table  is  one-iifth  of  the  ap- 
proximate breaking  stress,  that  u, 
a  factor  of  safety  of  5  is  used,  and 
when  the  values  given  in  this  table 
are  used  this  foctor  is  supposed  to 
allow  for  the  bending  stress.  The 
sizes  of  sheaves  or  drums  fl:iven  in 
this  table  are  largely  empincal.  but 
they  are  based  on  a  long  experience 
in  the  use  of  wire  ropes,  and  in  most 
cases  represent  the  minimum  diam- 
eter recommended  by  the  rope  makers. 
The  factor  of  safety  of  5  assumes  ordi- 
nary conditions  of  working;  where 
the  conditions  are  extraordinary,  and 
particularly  in  cases  where  men  are 
to  be  hoisted,  a  larger  factor  than  5  is 
used,  varying  from  5  to  10.  Many  ele- 
vator specifications  require  a  factor  of 
10  to  be  used.  When  any  factor  but 
5  is  used,  the  proper  working  load  is 
obtained  by  dividing  the  approxi- 
mate breaking  stress  by  the  factor  of 
safety  assumed,  or,  if  we  know  the 
load  to  be  lifted  and  multiply  this 
by  the  assumed  factor,  we  obtain  a 
certain  value,  andj  by  comparing 
this  with  the  values  given  in  the 
table  for  the  approximate  breaking 
stress  we  can  determine  the  size  of 
rope,  and  the  minimum  diameter  of 
sheave  to  use. 

For  example,  supi>08e  it  is  desired 
to  determine  the  size  of  rope  needed 
to  hoist  a  load  of  8  tons  through  a 
height  of  300  feet.    Multiplying  8  by  5, 

and  from  the  taible 
>proximate  breaking 
-inch,  crucible-steel 
2  tons.  Such  a  rope 
weighs''2  pounds  per  foot;  hence,  the 
weight  of  the  rope  is  300  X  2  =  600 
pounds,  or  .3  of  a  ton,  and  the  total 
load  on  the  rope  is  therefore  8.3  tons. 
8.3  X  5  =  41.5,  which  is  less  than  the 
approximate  breaking  stress  for  the 
given  rope.  The  proper  size  of  sheave 
or  drum  for  this  rope  is  given  by  the 
table  as  4i  feet. 

Oalvanized  wire  is  sometimes  used 
in  the  manufacture  of  rope  to  prevent 
corrosion  of  the  iron  or  steel  of  the 
wire.  Gralvanizlng  accomplishes  this 
in  the  case  of  standing^  ropes  but  is 
not  eflfective  for  running  ropes,  in 
which  the  friction  of  the  rope  against 
sheaves  or  drums  soon  wears  oflf  a  por- 
tion of  the  zinc,  and  with  both  zinc 
and  iron  exposed  and  in  contact  with 
water,  corrosion  proceeds  more  rapidly 
than  it  would  if  the  zinc  were  no* 
present. 


weliave  40  tons, 
we  find  that  the  ai 
strength  of  a  \\ 
hoisting  rope  is 
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;  greater  fleilbllity, 
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le  saving  in  the  wear  of  puUeya  and  Bheavee. 

Patent  Flattesed-Stbind  Rope. 
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WISE  BOPES. 


pend«d  eaWe  for  a  (iRCkwar.   There  are  two  types ;  ttie  litcllaed,  oi  Beml- 

gravity.  Fie.  1,  and  the ' — ■-""■-'   '"-  « '*■" 

The  Inclined  cablet 

horizontal,  and  pafslnL ..^  _.  _  _. 

traiae  A.  It  Is  ancfaorea  by  logs  D  buried  about  5  feet  undeiground,  or  from 
Iron  plugs  secured  in  [he  rock,  when  the  rock  Is  uear  the  BUriace.  The 
trolley  carriage  Q  runs  down  Ute  incline  of  the  cableway  by  gravity  unti"  " 


cond  pulley  la  Che  caniage,  and  dovDwards 
again  to  the  till  block.  Winding  la  the  rope 
bolets  the  fall  block  to  the  caniage.  tbe  car- 
riage remaining  at  the  lower  slop.  When  the 
fall  block  collides  with  the  cairbge,  both  tbe 
carriage  and  the  foil  block  ma;  pulled  up 
tbe  Incline  cable,  and  when  tbe  cairlage 
.  ai-iivea  at  the  heed-Uiwer.  a  gate,  or  hook,  0 Is 
lowered  to  hold  It  In  place.  Tbe  bll  block  is 
then  lowered  and  the  load  dlschaned.  The 
engine  FhasusuallyalO"  x  12"  double  cylin- 
der and  a  single  friction  dram  37  Inches  in 

An    endless  rope  H  takes  several   tnrns 

around  the  sheave  J  to  prevent  It  iVom  ellp- 

ping,  and  both  ends  are  passed  over  sheaves  A 

at  tbe  top  of  the  derrick,  one  end  being 

pecored  to  the  front  of  the  caniage,  while 

;    the  other  end  le  taken  through  the  carriage 

;    and  around  the  return  ibeave  /  and  Ikitened 

I    to  the  rear  end  of  the  carrla^  0.    The  end- 

'    less-rope  wheel  J  la  provided  wlUi  a  band 

brake,  which,  when  applied,  holds  the  cai- 

riaga  securely  at  any  point  on  the  cable. 

All  ropes  pass  through  the  sDpporHng 
trolleys  K,  which  are  connected  by  a  chain  C 
These  trolleys  follow  the  carriage  by  gravity, 
and  the  cbain  may  or  may  not  oe  fast  to  tbe 
carriage. 

Instead  of  ehaln-conneeled  trolleys,  patent 
button-stop,    fall-rope    carriers,    which    are 

rhich  buttons  are 


X 


Tbe  length  of  tbe  span  foE  inclined  cable- 
rope  is  from  1(  to  21  inches  in  diameter,  the 
holstlnB  rope  from  j  to  i  inch,  and  the  end- 
less rope  ^  and  1  Inch.  The  rope  mostly  used 
Is  sli  strands,  luneleen  wires  to  the  strand, 
crucible  cast  steel.  The  hoisting  rope  leMi 
1  year  to  2  years,  and  the  main  cable  from  5  years  '"  '" "^ 

....  . "  This  includes'Uhe 

engineer,  steam,  aud  maintenance  of  the  cableway. 

The  horizonta.1  cableway  requires  a  double  friction  drum  and  reversible 
link-motion  engine.  It  may  be  operateii  at  any  inclination  of  the  carrying 
cable  and  either  from  the  high  or  low  point  of  the  support,  though,  if  pomf 
hie,  it  should  be  ttom  the  higher  end.  The  endless,  or  tracnon,  rope  is 
attached  to  one  of  the  drums  of  tbe  engine  and  the  engineer  thus  has  com- 
plete control  of  the  carriage ;  hence,  because  of  Its  greater  applicability,  this 
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system  is  sapplanting  the  Inclined,  although  the  inclined  oo 
less  foi  inBtallatlon.    The  method  of  operation  1>  siioilBi  hi 
The  amount  of  rope  required  is  the  same  in  each  ByMcm, 
cableway  of  the  Hamilton  Coal  Co.,  near  Tareiitum,  Pa.,  has  a  apan  of  Z20I) 
'    '      ~' e  stationary  rope  is  ^UW  feet  lone  and  2Hhcbes  In  diameter.    The 
-■ '00  feet  long  a-'  ■——'-- ^...v-.j, ..  ^ 


feetbigl 


log  rope  IB  4,GDCi 
ilgL  ttie  tall-l« 
holds  S  tons  of  I 


Lg  and  t  inch  In  diameter.    The  head-b: 


Miter  ia  lOD  feet,  and  the  . 


,.„. .,  „ 2  tons  of  coal  for  the  engine.    Based  on  a  capacity  ol 

IDD  Ions  per  day,  the  cost  of  carrying  the  coal  it  U  cents  per  ton.    Pora 
cableway  of  averam  length,  J,COI)-1,600  feel,  the  coat  of  operation  si: 

be  onfrhalf  the  above  cost    A  caWewy  %U0  feet  ' ' 

BtrucUng  the  dam  at  the  power  plant  et  Qlena  Falls,  N 
"--  ir  both  (owersof  a  cableway  m — "■ '-- 


TKW 


SIflfIt  Trimnniri.— single  wire-rope  tramways  have  a  single  moving  rope, 
wfalcb  eervea  lo  support  and  advance  the  load  at  one  and  the  same  time, 
Fig.  3.  This  rope  passes  over  suilable  sheaves  at  the  intermediate  Eupports, 
and  the  load  la  carried  In  buckets  suspended  ftom  it  by  gooBeneck  or 
straight  bangera.  The  bangers  are  uaually  attached  to  the  cable  bj  means 
of  a  clip,  which  is  either  Inserted  (n  the  CButer  ot  the  cable  or  strapped  W  it. 
The  carriers  are  often  loaded  and  unloaded  while  in  moUon,  the  loading 
being  accomplished  by  a  traveling  mechanical  hopper  and  the  unloading  by 
a  drop  bottom  lo  tbe  bucket,    if  the  Htic  1b  level,  or  the  grade  light,  the 

' provided  with  boi  heads  filled  with  wood  or  leather  and  rub- 

— .  —  .... ..jg  rubber  or  wood  provldttig  sulHcIent  friction 

?ping.    With  this  system,  long  spans  are  evt- 
becanse  with  a  long  span  the  angle  of  the 


uf,S 


ber,  which  re 

dently  out  of  the  qiieetioi 

le  fa  the  vertical  plane,  t 

II  not  hold  the  boi  bead.    For  all  practical  purposes,  ere. „ 

IM  are  to  be  avoided:  and  for  sleeper  grades,  to  prevent  slipping,  a  clamp  oi 
a  clip  Inserted  in  the  rope  la  used  to  fasten  the  hanger  lo  the  rope. 

The  single  movlDg-rope  tramways  carry  loads  not  exceeding  'an  pounds. 
The  speed  of  the  lope  fi>r  the  variety  ip  which  the  hangers  are  faatened  W 
tbe  lope  may  be  as  high  as  450  feet  per  minute,  and  for  one  in  which  the 
hanger  Is  loose.  200  feet  per  minute.  The  single  moving-rope  tramway  hai 
a  capacity  up  to  SCO  tons  per  day,  and  may  be  Built,  say,  li  to  2  miles  long, 

Doibl*  Trsmwsjs,— Tbe  more  satisfactory  and  aubstantial  kind  of  wire' 
rope  tramways  has  one  or  more  flied  ropes  which "    ' 
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way,  and  an  endless  traction  rope.  The  loaded  carrier  trayels  outwards  on 
one  fixed  cable  and  returns  by  a  parallel  one  suspended  ftom  the  opposite 
side  of  the  same  supports.  The  terminals,  have  suitable  appliances  for  load- 
ing and  unloading  the  buckets,  either  by  hand  or  automancally. 

The  intermediate  supports  are  built  of  wood  or  steel  flraminff,  with  sad- 
dies  of  cast  iron  a,  Fig.  4,  in  which  the  fixed  cables  b  rest.  The  traction 
rope  e  is  supported  (in  the  absence  of  a  bucket)  by  the  rollers  d,  set  con- 
yeniently  on  the  supports.  The  load  is  carried  In  backets  e,  or  other  con- 
trivances suitable  for  the  purpose,  which  are  suspended  from  a  trolley/, 
which  runs  on  the  fixed  cables,  the  wheels  of  which  are  lam  enough  to 
pass  oyer  the  rope  couplings,  and  also  to  clear  the  saddles.  Grips  g  attach 
the  carriers  to  the  traction  rope.  These  grips  may  be  operated  oy  hand  or 
automatically. 

This  kind  of  tramway  is  capable  of  carrying  indiyldual  loads  up  to  1,400 
or  1,500  pounds,  not  including  the  weights  of  the  bucket  and  hanger  itself. 
The  speed  of  traction  rope  may  be  from  150  to  360  feet  per  minute.  The 
capacity  is  from  200  to  1,000  tons  per  day  of  10  hours.  These  figures  represent 
good,  safe  practice,  but  they  are  not,  of  course,  infiexible. 

The  maximum  length  of  line  which  may  be  built  in  one  section  yaries 
largely  with  conditions  of  load,' spacing  of  supports,  contour  of  ground,  etc. 
Wire-rope  tramwavs  work  under  great  aifficulties,  and  probably  2i  to  4  miles 
is  tne  economical  limit.  This  has  been  exceeded,  but  the  trouole  is  that  for 
a  much  greater  distance  the  friction  becomes  too  great  for  economical  work- 
ing of  the  traction  rope.  This  does  not,  howeyer,  limit  the  length  of  tram- 
way which  may  be  built,  as  the  power  station  may  be  located  at  a  convenient 
intermediate  point,  dividinff  tne  line  into  sections.  Several  intermediate 
power  stations  may  be  used,  and  the  length  of  the  line  greatly  increased 
above  the  limit  given.  A  tramway  at  Grand  Encampmeni,  Wyoming,  is  16 
miles  long  and  carries  40  tons  of  ore  per  hour. 


TRANSMISSION  OP  POWER  BY  WIRE  ROPES. 

The  term  transmission,  as  here  used,  applies  simply  to  the  modification  of 
belt  driving,  using  grooved  wheels  or  sheaves  at  each  end  of  the  line.  The 
power  is  applied  to  one  sheave  and  taken  off  frt)m  the  other. 

The  friction  between  rope  and  sheaves  depends  directly  on  the  weight 
and  tension  of  the  rope  ana  on  the  nature  of  the  surfaces  in  contact.  Triis 
pressure  is  better  obtained  by  using  a  large,  heavy  rope  at  a  low  tension  thaii 
by  using  a  smaller  rope  at  a  nigh  tension. 

The  deflection  or  sag  of  the  rope,  between  the  sheaves,  is  the  same  for 
both  upper  and  lower  parts  of  the  rope  when  the  transmission  is  not  running 
and  should  be.  according  to  John  A.  Koebling's  Sons  Co.,  equal  to  about  one- 
thirty-sixth  of  the  span.  The  deflection  may  be  calculated  by  the  formula 
from  the  Trenton  Iron  Co.: 

,       w  ifi 

in  which  h  =  the  deflection  in  feet; 

w  =  weight  of  the  rope  per  foot,  in  pounds; 
8  =  span,  in  feet; 
t  =  tension,  in  pounds. 

When  driving  from  the  under  side,  this  part  of  the  rope  will  be  tightened 
and  its  deflection  decreased,  while  the  upper  part  of  the  rope  becomes  slack- 
ened and  its  deflection  increased.  Under  proper  conditions  the  deflection  of 
the  lower  rope  should  be  about  one-fiftieth,  and  that  of  the  upper  about  one- 
twenty- fifth  of  the  span.  The  difference  in  the  tensions  of  the  two  part^ 
of  the  rope  is  the  effective  pull  of  the  driving  sheaves,  enabling  power  to  be 
transmitted. 

Transmission  ropes  are  subject  to  three  stresses,  viz.: 

(1 )  The  direct  tenedon.  due  to  the  power  transmitted,  plus  the  fHction  and 
weight  of  the  rope;  (2)  the  bending  stress,  due  to  the  bending  of  the  rope 
around  the  sheaves;  (3)  the  centrifugal  tension,  due  to  the  centrifugal  force 
in  the  rapidly  running  rope. 

The  following  data  on  stresses  in  transmission  ropes  are  given  by  Mr.  Wm. 
Hewitt,  of  the  Trenton  Iron  Co. 

In  transmitting  power  b>  wire  rope,  working  tension  should  not  exceed 
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the  difference  between  the  maximum  safe  stress  and  the  bending  stress. 
It  may  be  greater,  therefore,  as  the  bending  stress  is  less,  but  to  avoid  slipping 
a  certain  ratio  must  exist  between  the  tensions  in  taut  and  slack  portions  of 
the  rope  when  running,  which  is  determined  by  the  formula 

in  which  T  «  tension  in  the  taut  portion  of  the  rope; 
8  »  tension  in  the  slack  portion; 

e  «  base  of  the  Naperian  ^stem  of  logarithms  «  2.7182818; 
n  s  number  of  half  laps  of  rope  about  sheayes  or  drums  at  eiHter 

end  of  line; 
»  =  3.1416; 

f  «  coefficient  of  Mction  depending  on  the  kind  of  filling  in  the 

grooves  of  the  sheaves,  or  cnaracter  of  the  material  on 

.  which  the  rope  tracks. 

The  useftil  eflbrt  of  transmitting  force  i§  the  difference  between  the  tension 

of  the  taut  and  slack  portions  of  the  rope,  T  —  8  ="  8  {ef^^  —  1),  and  to 

obtain  this,  the  initial  tension,  or  tension  when  the  rope  is  at  rest,  must  be 

one-half  the  sum  of  the  two  tensions. 

The  following  are  some  of  the  values  of/: 

Dry  rope  on  a  grooved  iron  drum. 120 

Wet  rope  on  a  grooved  iron  drum 086 

Greasy  rope  on  a  fl^rooved  iron  drum 070 

Dry  rope  on  wood-filled  sheaves 236 

Wet  rope  on  wood-filled  sheaves .170 

Greasy  rope  on  wood-filled  sheaves  140 

Dry  rope  on  rubber  and  leather  filling. 496 

Wet  rope  on  rubber  and  leather  filling. 400 

Greasy  rope  on  rubber  and  leather  filling 206 

The  values  of  the  coefficients  c/^wand  corresponding  to  the 

c  /  ••  *•  —  X 

above  values  off,  for  one  up  to  six  half  laps  of  the  rope,  are  as  follows: 

Values  of  e^nw. 


n  =  Number  of  Half  Laps  About  Sheaves 

or  Drums  at  Either 

£nd  Of  Line. 

/- 

1 

2 

3 

4 

6 

6 

.070 

1.246 

1.652 

L934 

2.410 

8.003 

3.741 

.086 

1.306 

1.706 

2.228 

2.910 

3.801 

4.964 

.100 

1.369 

1.875 

2.566 

3.514 

4.810 

6.686 

.120 

1.468 

2.125 

3.099 

4.518 

6.686 

9.602 

.130 

1.504 

2.263 

3.405 

5.122 

7.706 

11.693 

.140 

1.662 

2.410 

3.741 

5.808 

9.017 

13.998 

.150 

1.602 

2.566 

4.111 

6.586 

10.551 

16.902 

.170 

1.706 

2.910 

4.961 

8.467 

14.445 

24.641 

.200 

1.876 

3.514 

6.586 

12.346 

23.140 

43.376 

.206 

1.904 

3.626 

6.904 

13.146 

25.031 

47.663 

.236 

2.092 

4.378 

9.160 

19.166 

40.100 

83.902 

.260 

2.193 

4.810 

10.551 

23.140 

60.637 

111.318 

.266 

2.299 

6.286 

12.153 

27.941 

64.239 

147.693 

.300 

2.566 

•   6.586 

16.902 

43.376 

111.318 

285.680 

.860 

3.001 

9.017 

27.077 

81.307 

244.152 

733.145 

.400 

3.514 

12.346 

43.376 

152.4a5 

535.488 

1,849.140 

.410 

3.626 

13.146 

47.663 

172.814 

626.577 

2,271.775 

.450 

4.111 

16.902 

69.487 

285.680 

1,174.480 

4,828.510 

.496 

4.716 

22.425 

106.194 

502.881 

2,381.400 

J)00 

4.810 

23.140 

111.318 

535.488 

2,575.940 
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Values  op 


efnir  +  1 
e  /  «  IT  _  1' 


n  =  Number  of  Half  Laps  About  Sheaves 

>  or  Drums  at  Either 

/  = 

End  of  Line. 

1 

2 

3 

4 

5 

6 

.070 

9.130 

4.623 

3.141 

2.418 

1.999 

1.729 

.085 

7.536 

3.833 

2.629     . 

2.047 

1.714 

1.505 

.100 

6.420 

3.287 

2.280 

1.795 

1.525 

1.358 

.120 

5.345 

2.777 

1.953 

1.570 

1.358 

1.232 

.130 

4.968 

2.584 

1.832 

1.485 

1.298 

1.189 

.140 

4.623 

2.418 

1.729 

1.416 

1.249 

1.154 

.150 

4.322 

2.280 

1.643 

1.358 

1.209 

1.126 

.170 

3.833 

2.047 

1.505 

1.268 

1.149 

1.086 

.200 

3.287 

1.795 

1.358 

1.176 

1.090 

1.047 

.205 

3.212 

1.762 

1.338 

1.165 

1.088 

1.043 

.235 

2.831 

1.592 

1.245 

1.110 

1.051 

1.024 

.250 

2.676 

1.525 

1.209 

1.090 

1.040 

1.018 

.265 

2.539 

1.467 

1.179 

1.072 

1.032 

1.014 

.300 

2.280 

1.358 

1.126 

1.047 

1.018 

1.007 

.a50 

2.000 

1.249 

1.077 

1.025 

1.008 

1.008 

.400 

1.795 

1.176 

1.M7 

1.013 

1.004 

1.001 

.410 

1.765 

1.164 

1.043 

1.012 

1.003 

1.001 

.450 

1.643i« 

1.126 

1.029 

1.007 

1.002 

1.000 

.495 

1.538 

1.093 

1.019 

1.004 

1.001 

1.000 

.500 

1.525 

1.090 

1.018 

•  1.004 

1.001 

1.000 

For  a  given  diameter  of  sheave,  and  a  variable  diameter  of  wire,  a  ratio 
exists  between  these  diameters  corresponding  to  a  maximum  working 
tension.  This  ratio  results,  approximately,  in  a  working  tension  of  one- 
third  and  bending  stress  of  two-thirds  of  the  maximum  safe  tension,  which 
is  from  one-third  to  two-fifths  of  the  ultimate  stress,  and  practically  deter- 
mines the  minimum  diameter  of  sheave  for  any  rope.  The  ratio  for  any 
size  of  wire  varies  slightly,  according  to  the  number  of  wires  compoi^ng  the 
rope,  and  in  terms  of  rope  diameter  is. 

Steel  Iron 

For  7-wirerope 79.6  160.6 

For  12-wire  rope  , 59.3  120.0 

For  19-wire  rope 47.2  96.8 

fh)m  which  we  derive  the  following  table: 

DIAMETERS  OP  MINIMUM    SHEAVES    IN   INCHES. 


Steel. 

Iron. 

Diam- 
eter of 

Rope. 

7.Wire. 

12-Wire. 

19-Wire. 

7-Wire. 

12-Wire. 

19.Wire. 

Jl 

•20 

15 

12 

40 

30 

24 

25 

19 

16 

50 

38 

30 

80 

22 

18 

60 

45 

86 

TB 

35 

26 

21 

70 

53 

42 

1 

40 

30 

24 

80 

60 

48 

A 

45 

33 

27 

90 

68 

54 

A 

50 

37 

30 

100 

75 

60 

H 

55 

41 

32 

110 

83 

66 

f 

60 

44 

35 

120 

90 

72 

70 

52 

41 

140 

lOb 

84 

1 

80 

.59 

47 

160 

120 

96 
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Shaavat.— To  decrease  the  bending  stresses  the  sheaves  for  wire-rope 
trausmissions  are  generally  of  as  large  diameter  as  is  practicable  to  give  the 
required  speed  to  the  rope  Large  sheaves  are  also  advantageous  because 
wiih  them  the  rope  is  run  at  a  hiffh  velocity  allowing  of  a  lower  tension, 
and  permitting  a  rope  of  smaller  diameter  to  be  used  than  would  be  pos- 
sible with  smaller  sheaves,  provided,  of  course,  that  the  span  is  of  suffi- 
cient length  to  give  the  necessary  weight. 

Sheaves  are  generally  made  of  cast  Iron  when  not  exceeding  12  feet  in 
diameter,  and  wnen  larger  than  this  they  are  usually  built  up  with  wrought- 
iron  arlns.  Sheaves,  upon  which  the  rope  is  to  make  but  a  single  half-turn, 
are  made  with  V-shaped  grooves  in  their  circumference.  The  bottom  part 
of  the  groove  is  widened  to  receive  the  filling,  which  consists  of  some  sub- 
stance to  &:ive  a  bed  for  the  rope  to  run  on  and  protect  it  ftom  wear,  and  to 
increase  the  friction  so  that  the  rope  will  not  slip.  This  filling  is  made  of 
blocks  of  wood,  rubber,  and  leather,  or  other  material.  Rubber  and  leather 
have  been  used  separately,  but  blocks  of  rubber  separated  by  pieces  of 
leather  have  been  found  to  give  the  best  results. 

Powar  Tranamittad.— The  horsepower  transmitted  is  equal  to  the  resistance 

overcome  (the  effective  pull),  in  pounds,  multiplied  by  the  speed  of  the 

rope,  in  feet  per  minute,  and  divided  by  33,000,  that  is  (formula  from  John  A. 

Roebling's  Sons  Co.), 

TV 
H=  —~—' 

83,000' 
in  which  H=  horsepower  transmitted; 

T  =  difference  in  tension  between  the  driving  and  driven  sides  of 

the  rope; 
V  =  speed  of  the  rope,  in  feet  per  minute. 
In  applying  this  formula,  v  is  either  given  or  assumed.    T  is  equal  to 
the  weight  of  the  rope  suspended  between  the  sheaves  multiplied  by  three 
(for  the  "proportion  of  deflection  stated). 

To  transmit  a  Riven  horsepower,  the  speed  of  the  rope  may  be  increased 
and  the  tension  (effective  pull)  correspondingly  decreased,  and  a  smaller 
rope  may  be  used  provided  other  considerations  will  allow  it. 

For  determininigr  the  horsepower  that  can  be  transmitted  over  a  given 
transmission,  the  following  formula  is  given  by  the  Trenton  Iron  Co. : 

H=  [cd»-.000006(ir-*-^-f  fir")]«; 
in  which  H  »  horsepower  that  can  be  trannnittea; 

e  =»  constant  depending  on  material  of  rope,  the  filling  in  the 
grooves  or  the  sheaves,  and  the  number  of  half  laps  about 
the  sheaves  or  drums  at  either  end  of  the  line; 
d  =  diameter  of  rope,  in  inches; 
W  =  weight  of  rope,  In  pounds; 
gt  a  weight  of  terminal  sheaves  and  shafts; 
a^'  —  weight  of  intermediate  sheaves  and  shafts. 
The  following  table  gives  the  value  of  e  for  ropes  on  different  materials: 

VALUE  OF  C  FOR   ROPES  ON   DIFFERENT  MATERIALS. 


c  =  for 
Steel  Rope  on 

Number  of  Half  Laps  About  Sheaves  or  Drums  at 
Either  End  of  Line. 

1 

2 

3 

4 

5 

6 

Iron 

Wood  

5.61 
6.70 

9.29 

8.81 
9.93 

11.95 

10.62 
11.51 

12.70 

11.65 
12.26 

12.91 

12.16 
12.66 

12.97 

12.56 
12.83 

Rubber    and 
Leather  

13.00 

The  values  of  c  for  iron  rope  are  one-half  of  the  above. 

It  is  evident  from  the  above  figures  that  when  more  than  three  laps  are 
made  it  is  immaterial  what  the  sujrface  is  on  which  the  rope  tracks,  as  fas  a 
frictional  adhesion  is  concerned. 
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From  the  foregoing  formuls,  assuming  the  sheaves  to  be  of  equal  diameter^ 
and  of  afiize  not  less  than  the  minimum  diameter  giyen  in  the  table,  we 
deduce  the  following: 

HORSEPOWER    CAPABLE    OF    BEING    TRANSMITTED    BY    A    STEEL 
ROPE  MAKING  A  SINGLE   LAP  ON  WOOD-FILLED  SHEAVES 


Diam- 
eter of 

Velocity  of  Rope  in  Feet  per  Second. 

Rope 

in 

Inches. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Jl 

4 

8 

13 

17 

21 

25 

28 

32 

37 

40' 

7 

13 

20 

26 

33 

40 

44 

51 

57 

62: 

1 

10 

19 

28 

38 

47 

56 

64 

73 

80 

89> 

13 

26 

38 

51 

63 

75 

88 

99 

109 

121 

A 

17 

34 

51 

67 

83 

99 

115 

130 

144 

159 

22 

43 

66 

86 

106 

128 

147 

167 

184 

203 

1 

27 

53 

79 

104 

130 

155 

179 

203 

225 

247 

H 

82 

63 

95 

126 

157 

186 

217 

245 

f 

38 

76 

103 

150 

186 

223 

1 

52 

104 

156 

206 

1 

68 

135 

202 

The  horsepower  that  may  be  transmitted  by  iron  ropes  ii  one-half  of  the 
above. 

The  foregoing  table  gives  the  maximum  amount  of  power  capable  of 
being  transmitted  under  the  conditions  stated,  so  that  in  using  wood-lined 
sheaves,  it  is  well  to  make  some  allowance  for  the  stretching  of  the  rope, 
and  to  advocate  somewhat  heavier  equipments  than  the  above  table  would 
give;  that  is,  if  it  is  desired  to  transmit  20  horsepower,  for  instance,  to  put  in 
a  plant  that  would  transmit  25  to  30  horsepower,  thus  avoiding  the  ne(^»Bsity 
of  having  to  take  up  a  comparatively  smallamount  of  stretch.  On  rubber  and 
leather  filling,  however,  the  amount  of  power  capable  of  being  transmitted 
is  considerably  greater  than  on  wood,  so  that  this  filling  is  generally  used; 
and  in  this  case  no  allowance  need  be  made  for  stretch,  as  such  sheaves  will 
likely  transmit  the  power  given  by  the  table,  under  all  possible  deflections 
of  the  rope. 

The  transmission  of  more  than  250  horsepower  is  impracticable  with  filled 
sheaves,  since  the  tension  is  so  great  that  tne  filling  would  quickly  cut  out, 
and  the  frictional  adhesion  on  a  metallic  surfieice  is  insufficient  where  the 
rope  makes  but  a  single  lap,  or  a  half  lap  at  either  end  of  the  line. 


GLOSSARY  OF  ROPE  TERMS. 


Annaafad  Wira  Ropa.—A  wire  rope  made  A*om  wires  that  have  been  softened 
by  annealing  and  the  tensile  strength  thereby  lowered. 

Bending  Stress.— The  stress  produced  in  the  outer  fibers  of  a  rope  by  bending 
over  a  sheave  or  drum. 

Breaking  Strain,  Breaking  Strength^  Brmking  Stress.— The  least  load  that 
will  break  a  rope.  These  terms  are  used  indiscriminatelv  to  mean  the 
load  which  will  break  a  rope.  The  stress  on  a  rope  at  tne  moment  of 
breaking  is  the  breaking  stress,  and  the  strain  or  deformation  produced  in 
the  material  by  this  stress  is  the  breaking  strain. 

Bright  Rope.— Rope  of  any  construction,  whose  wires  have  not  been  gal- 
vanized, tinned,  or  otherwise  coated. 

Cable-Laid  Rope.— A  term  applied  to  wire  cables  made  of  several  ropes 
twisted  together,  each  rope  beine  composed  of  strands  twisted  together 
without  limitation  as  to  the  number  of  strands  or  direction  ortw&t.  A 
fiber  cable-laid  rope  is  a  rope  having  three  strands  of  hawier-laid  rope, 
twisted  right-handed. 
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ClEi62e.— Same  as  cable-laid  rope ;  a  fiber  cable  consists  of  three  hawsers  laid 

up  left-handed. 
Out  8ted.—%teQ\  that  has  been  melted,  cast  into  ingots,  and  rolled  out 

into  bars. 
Clamp.^K  device  for  holding  two  pieces  or  parts  of  rope  together  by 

pressure. 
CUp.—X  device  similar  to  a  clamp  but  smaller  and  for  the  same  purpose. 
Qnr.— Coconut-husk  fiber. 

Compound.— A  lubricant  applied  to  the  inside  and  outside  of  ropes  pre- 
venting corrosion  and  lessening  abrasion  of  the  rope  when  in  contact 

with  hard  surfaces. 
Cbr^.— The  central  part  of  a  rope  forming  a  cushion  for  the  strands.    In  wire 

ropes  it  is  sometimes  made  of  wire,  but  usually  it  is  of  hemp.  Jute,  or 

some  like  material. 
Coupling.— A.  device  for  Joining  two  rope  ends  without  splicing. 
Crucible  Steel.^A  fine  quality  of  steel  made  by  the  crucible  process. 
Drum.— The  part  of  a  hoisting  engine  on  which  the  rope  is  wound. 
Elastic  Limit.— The  elastic  limit  is  that  point  at  which  the  deformations  in 

the  material  cease  to  be  proportional  to  the  stresses. 
Elevator  Rope.— A  rope  used  to  operate  an  elevator. 
Endless  Rope.— A  rope  which  moves  in  one  direction,  one  part  of  which 

carries  loaded  cars  fix>m  a  mine  at  the  same  time  that  another  part 

brings  the  empties  into  the  mine. 
Fiber.— A  single  thread-like  filament. 
Flat  Rope.— A  rope  in  which  the  strands  are  woven  or  sewed  together  to 

form  a  flat,  braid-like  rope. 
FkUtenedrStrand  Rope.— A  wire  rope  whose  strands  are  flattened  or  oval  and 

which  therefore  presents  an  increased  wearing  surface  over  that  of  the 

ordinary  round-strand  rope. 
FlaUened-Strand  Triangular  Rope.— A  wire  rope  of  the  flattened-strand  con- 
struction in  which  the  strands  are  triangular  in  shape. 
Fleet.— MoYement  of  a  rope  sideways  in  winding  on  a  drum. 
Fleet  Wheel.— A  grooved  wheel  or  sheave  that  serves  as  a  drum  and  about 

which  one  or  more  coils  of  a  haulage  rope  pass. 
Oaivanized  Rope.—Bope  made  of  wires  that  nave  been  galvanized  or  coated 

with  zinc  to  protect  them  from  corrosion. 
Qrip  Whed.—A  wheel,  the  periphery  of  which  is  fitted  with  a  series  of 

toggle-Jointed,  cast-steel  Jaws  that  grip  the  rope  automatically. 
Quy.—A  strand  or  rope  used  to  support  a  pole,  structure,  derrick,  or  chim- 
ney, etc. 
Haulage  Rope.— A  rope  used  for  haulage  purposes. 
Hawser.— A  term  applied  to  any  wire  rope  used  for  towing  on  lake  or  sea. 

A  fiber  hawser  consists  of  three  stranas  laid  up  right-handed. 
Hawser-Laid  Rope  has  three  strands  of  yam  twisted  left-handed,  the  yams 

being  laid  up  right-handed.    Synonymous  with    cable-laid  rope  as 

applied  to  wire  ropes. 
Hawser  Wire  fiopc— Galvanized  ropes  of  iron  or  steel  usually  composed  of 

six  strands,  12  wires  each,  principally  used  in  marine  work  for  towing 

purposes. 
Hemp.— A  tough,  strong  fiber  obtained  ftom  the  hemp  plant. 
Hoisting  Rope.— A  rope  composed  of  a  suflBcient  number  of  wires  and  strands 

to  insure  flexibility.    Such  ropes  are  used  in  shafts,  elevators,  quarries, 

etc. 
Idler. — A  sheave  or  pulley  running  loose  on  a  shaft  to  guide  or  support 

a  rope. 
Jute.— A  fiber  obtained  from  the  inner  bark  of  two  Asiatic  herbs:    Corchorus 

capsularis  and  C.  olUorius. 
Lang-Lay  Rope.— A  rope  in  which  the  wires  in  each  strand  are  twisted  in 

the  same  direction  as  the  strands  in  the  rope. 
Lay.— A  term  indicating  the  direction,  or  length,  of  twist  of  the  wires  and 

strands  in  a  rope. 
Live  Load.— A  load  which  is  variable  in  distinction  from  a  constant  load. 
Load  l^ress.— The  stress  produced  by  the  load. 
Locked-  Wire  Rope.— A  rope  with  a  smooth  cylindrical   surface,  the  outer 

tfvires  of  which  are  drawn  to  such  shape  that  each  one  interlocks  with 

the  other  and  the  wires  are  dispiosed  in  concentric  layers  about  a  wire 

core  instead  of  in  strands.    Particularly  adapted  for  haulage  and  rope 

transmission  purposes. 
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Ifanito.— The  fiber  of  Muta  textUis:  Manila  hemp. 

ModiUus  of  Elasticity.— The  ratio  oetween  the  amount  of  exteniion  or  com- 
pression of  a  material  and  the  load  producing  this  same  extension  or 
compression. 
Mow  Sted.—A.  select  grrade  of  steel  of  high  tensile  strength.    First  used  in 

rope  for  plowing  fields. 
Proper  Working  Load.—Th»  maximum  load  that  a  rope  should  be>  permitted 

to  support  under  working  conditions.    (See  working  load.) 
BegiUar-Lay  Eope.—A  rope  in  which  the  wires  in  each  strand  are  twisted  in 

opposite  direction  to  the  strands  In  the  rope. 
Round-Strand  Rope.— A  rope  made, of  round  twisted  strands. 
Running  Rope.—A  fiexible  rope  that  will  pass  through  blocks  and  used  for 
hoisting  on  shipboard.    The  term  is  also  often  used  for  any  moving  rope. 
Sheave.— A  wheel  or  pulley  around  or  over  which  a  rope  passes. 
Shroud  Laid,  or  Four-Strand,  Rope  has  four  strands  laid  around  a  core. 
Sital.-A  hemp.    The  fiber  of  the  Agave  Sisalona.  * 

Socket.— A  device  fastened  to  the  end  of  a  rope  by  means  of  which  the  rope 

may  bo  attached  to  its  load.    The  socket  may  be  opened  or  closed. 
Splice.— The  joining  of  two  ends  of  rope  by  interweaving  the  strands. 
Step  Socket.— A  special  form  of  socket  for  use  on  locked-wire  rope. 
Stirrup.— An  adjustable  bale  of  a  socket. 
Stone  Wire.— A  term  applied  to  wire  smaller  than  No.  14  put  up  in  12-pound 

coils,  which  are  about  8  inches  inside  diameter. 
Strand.— A  term  applied  to  a  varying  number  of  wires  or  fibers  twisted 

together.    The  strands  in  turn  are  twisted  together,  forming  a  rope. 
Stress.— A  force  or  combination  of  forces  tending  to  change  the  shape  of  a 

body. 
(Strain.— A  change  of  shape  produced  in  a  body.    (Stress  and  strain  are 

often  used  incorrectly  as  synonymous  terms.) 
Surging.— The  flapping  of  a  moving  rope. 
Swedish  Iron.— A  soft  and  comparatively  pure  iron. 
Switch  Rope.— A  short  length  of  rope  fitted  with  a  hook  on  one  end  and  a 

link  on  the  other,  useo  for  the  switching  of  freight  cars. 
Tail-Rope.—{\)    The  rope  that  is  used  to  draw  the  empties  back  into  a 
mine  in  a  tail-rope  haulage  system.    (2)    A  rope  attached  beneath  the 
cage  when  the  cages  are  hoisting  in  balance. 
Jhpcr  Jtopc.— A  rope  which  has  a  gradually  diminishing  diameter  ftom  the 
upper  to  the  lower  end.    The  diameter  of  the  rope  is  decreased  by 
dropping  one  wire  at  a  time  at  regular  intervals.    Both  round  and  flat 
ropes  may  be  made  tapered,  and  such  ropes  are  intended  for  deep-shaft 
hoisting  with  a  view  to  proportioning  the  diameter  of  the  rope  to  the 
load  to  DC  sustained  at  different  depths. 
Tensile  Strength.— The  stress  required  to  break  a  rope  by  pulling  it  in  two. 
Thimble.— An  oval  iron  ring  around  which  a  rope  end  is  bent  and  fastened 

to  form  an  eye. 
Tiller  Rope.— A  very  flexible  wire  rope  composed  of  six  small  ropes,  usually 

of  seven-wire  strands  laid  about  a  hemp  core. 
Tinned  Rope.—Bjope  made  of  wires  that  have  been  coated  with  tin  to  protect 

them  from  corrosion. 
Torsion.— The  process  of  twisting  a  wire  thereby  showing  its  ductility. 
Traction  Rope.— A  rope  used  for  transmitting  the  power  in  a  wire-rope  tram- 
way ana  to  which  the  buckets  are  attached. 
Transmission  Rope.— A  rope  used  for  transmitting  power. 
Traveler.— A  truck  rolling  along  a  suspended  rope  for  supporting  a  load  to 

be  transported. 
Tumbu>ckle.—A  form  of  coupling  so  threaded  or  swiveled  that  by  turning  it 

the  tension  of  a  rope  or  rod  may  be  regulated. 
IMimate  Tensile  Strength.— Q&me  as  tensile  strength. 
Universal  Lay. — Another  term  for  lang  lay. 
Whipping.— The  flopping  of  a  moving  rope. 
Wire  (?auf)«.— Standard  Szes  or  diameters  for  wire. 
Wire  Rope.— A  rope  whose  strands  are  made  of  wires,  twisted  or  woven 

together. 
Working  Load.— The  maximum  load  that  a  rope  can  carry  under  the  con- 
ditions of  working  without  danger  of  straining.    (Same  as  proper  toorl^ 
ingload.) 
Wrought  Iron  —A  comparatively  pure  and  malleable  iron. 
Fam.— Twisted  flber  of  which  rope  strands  are  made. 
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TABLE  OF  WIRE  AND  SHEET-METAL  GAUGES. 

U.S. 

British 

SUndard 

Imperial 

Gange 

Sundard 

American 

Trenton 

Nmnber 

for  Sheet 
and  Plate 

Wire 
Gauge. 

Birming- 
ham 

or  Brown 
and 

Roebling's 

Iron 
Co.'s 

English 
Ugal 

Nomber 

of 

Iron  and 

(Legal 

Gauge. 

Sharpe 

Gauge. 

rw^lre 

Standard. 

of 

Gange. 

Steel. 

(Legal 

Standard.) 

Inch. 

Standard 

in  Great 

Britain.) 

Millim. 

Inch. 

Gauge. 
Inch. 

Inch. 

Gauge. 
Inch. 

Inch. 

Gange. 

0000000 

.5 

127 

.49 

.500 

0000000 

000000 

.469 

11.78 

.46 

.464 

000000 

00000 

.438 

10.97 

.43 

.45 

.432 

00000 

0000 

.406 

10.16 

.454 

.46 

.393 

.40 

.4 

0000 

000 

.375 

9.45 

.425 

.40964 

.362 

.36 

.872 

000 

00 

.344 

8.84 

.38 

.3648 

..331 

.33 

.848 

00 

0 

.313 

8.23 

.34 

.32486 

.307 

.305 

.324 

0 

1 

.281 

7.62 

.3 

.2893 

.283 

.285 

.3 

1 

2 

.266 

7.01 

.284 

.25763 

.268 

.265 

.276 

2 

8 

.25 

6.4 

.259 

.22942 

.244 

.245 

.252 

8 

4 

.234 

5.89 

.238 

.20431 

.225 

.225 

.232 

4 

5 

.219 

5.88 

.22 

.18194 

.207 

.205 

.212 

5 

6 

.203 

4.88 

.203 

.16202 

.192 

.19 

.192 

6 

7 

.188 

4.47 

.18 

.14428 

.177 

.175 

.176 

7 

8 

.172 

^  4.06 

.165 

.12849 

.162 

.16 

.16 

8 

9 

.156 

3.66 

.148 

.11443 

.148 

.145 

.144 

9 

10 

.141 

3.26 

.134 

.10189 

.135 

.13 

.128 

10 

11 

.125 

2.95 

.12 

.09074 

.12 

.1175 

.116 

11 

12 

.109 

2.64 

.109 

.08081 

.105 

.105 

.104 

12 

13 

.094 

2.34 

.095 

.07196 

.092 

.0925 

.092 

18 

14 

.078 

2.03 

.083 

.06408 

.08 

.08 

.08 

14 

15 

.07 

1.83 

.012 

.05707 

.072 

.07 

.072 

15 

16 

.0625 

1.63 

.065 

.05082 

.063 

.061 

.064 

16 

17 

.0563 

1.42 

.058 

.04526 

.054 

.0525 

.056 

17 

18 

.06 

1.22 

.049 

.0403 

.047 

.045 

.r 

18 

19 

.0438 

1.01 

.042 

.03589. 

.041 

.04 

19 

20 

.0375 

.91 

.035 

.03196 

.035 

.035 

.036 

20 

21 

.0344 

.81 

.032 

.02846 

.032 

.031 

.032 

21 

22 

.0313 

.71 

.028 

.02535 

.028 

.028 

.028 

22 

23 

.0281 

.61 

.025 

.02257 

.025 

.025 

.024 

-     23 

24 

.025 

.56 

.022 

.0201 

.023 

.0225 

.022 

24 

25 

.0219 

.51 

.02 

.0179 

.02 

.02 

.02 

25 

26 

.0188 

.45 

.018 

.01594 

.018 

.018 

.018 

26 

27 

.0172 

.42 

.016 

.01419 

.017 

.017 

.0164 

27 

28 

.0156 

.38 

.014 

.01264 

.016 

.016 

.0148 

28 

29 

.0141 

.35 

.013 

.01126 

.015 

.015 

.0136 

29 

80 

.0125 

.31 

.012 

.01002 

.014 

.014 

.0124 

30 

81 

.0109 

.29 

.01 

.00893 

.0135 

.013 

.0116 

31 

82 

.0101 

.27 

.009 

.00796 

.013 

.012 

.0108 

32 

88 

.0094 

.25 

.008 

.00708 

.011 

.011 

.01 

33 

84 

.0086 

.23 

.007 

.0063 

.01 

.01 

.0092 

34 

85 

.0078 

.21 

.005 

.00561 

.0095 

.0095 

.0084 

35 

86 

.007 

.19 

.004 

.005 

.009 

.009 

.0076 

36 

87 

.0066 

.17 

.00446 

.0085 

.0085 

.0068 

37 

88 

.0063 

.15 

.00396 

.008 

.008 

.006 

38 

89 

.13 

.00353 

.0075 

.0075 

.0052 

39 

40 

.12 

.00314 

.007 

.007 

.0048 

40 

41 

.11 

.0044 

41 

42 

.10 

.004 

42 

43 

.09 

.0036 

43 

44 

.08 

.0032 

44 

45 

.07 

.0028 

45 

46 

.06 

.0024 

46 

47 

.05 

.002 

47 

48 

.04 

.0016 

48 

49 

.03 

.0012 

49 

50 

.025 

.001 

50 

r 
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WISE  ROPES. 


STRESS  IN  HOISTING   ROPES  ON   INOLINED  PLANES  OP  VARIOUS 

DEGREES. 

{From** Wire-Rope  Transportation," published  by  Trenton  Iron  Co.) 

The  following  table  is  based  upon  an  allowance  of  40  lb.  per  ton  for 
rolling  faction,  out  there  will  be  an  additional  stress  due  to  the  weight  of 
the  rope  and  inclination  of  the  plane. 


Riseper 

100  Ft. 

Horizontal. 

Ft. 

Angle 
Inclination. 

StressinLb. 

per  Ton 
of  2,000  Lb. 

Rise  per 

100  Ft. 

Horizontal. 

Ft. 

Angle 
Inclination. 

StressinLb. 

per  Ton 
of  2,000  Lb. 

5 

2^52' 

140 

105 

46°  24' 

1,484 

10 

5043' 

240 

110 

47°  44' 

1,516 

■      15 

8°32' 

336 

115 

49°  00' 

1,535 

20 

11°  W 

432 

120 

50°  12' 

1,573 

25 

U^03f 

527 

1-25 

51°  21' 

1,597 

30 

leP  43f 

613 

130 

52°  26' 

.     1,620 

35 

190  IS' 

700 

135 

58°  29' 

1,642 

40 

2P  49^ 

782 

140 

54°  28' 

1,663 

45 

240  14' 

860 

145 

55°  25' 

1,682 

50 

26°  34' 

933 

150 

56°  19' 

1,699 

55 

28°  49^ 

1,003 

155 

57°  ir 

1,715 

60 

30°  5^ 

1,067 

160 

58°  00' 

1,780 

65 

33°  02' 

1,128 

165 

58°  47' 

1,744 

70 

35°  00' 

1,185 

170 

59°  33' 

1,758 

75 

36°  58' 

1,238 

175 

60°  16' 

1,771 

80 

38°  40' 

1,287 

180 

60°  57' 

1,782 

85 

40°  22' 

1,332 

185 

61°  37' 

1,794 

90 

42°  00' 

1,375 

190  • 

62°  15' 

1,804 

95 

43°  32' 

1,415 

195 

62°  52' 

1,813 

100 

45°  00' 

1.450 

200 

63°  27' 

1,822 

RELATIVE   EFFECTS  OF  VARIOUS   SIZED  SHEAVES  OR  DRUMS  ON 

THE  LIFE  OF  WIRE  ROPES. 

Mine  officials  and  other  nsers  of  wire  ropes  have  often  felt  the  want  of  a 
table  or  set  of  tables  that  would  enable  them  to  determine  at  a  glance  what 
effect  the  use  of  various  sized  sheaves  would  have  on  various  sized  ropes. 
The  following  tables  have  been  specially  prepared  for  the  Ck>al  and  Metal 
Miner's  Pocketbook  by  Mr.  Thomas  E.  Hughes,  of  Pittsburg,  Pa. 

CAST-STCCU    ROPCS     FOR     INOLINCS. 

Made  of  6  Strands  of  7  Wires  Each,  Laid  Around  a  Hemp  Core. 


Diameter 
of 

'-                           -  -  - 

Diameters  of  Sheaves  or  Drums  in  Feet,  Showing  Percentages 
of  Tiife  for  Various  Diameters. 

Rope. 
Inches. 

100j( 

90^ 

80^ 

75j( 

60^ 

50i 

25jt 

16.00 

14.00 

12.00 

10.00 

8.50 

7.75 

7.00 

6.00 

5.00 

14.00 
12.00 
10.00 
8.50 
7.75 
7.00 
6.25 
5.25 
4.60 

12.00 
10.00 
8.00 
7.75 
6.75 
6.25 
5.50 
4.50 
4.00 

11.00 
8.50 
7.25 
7.00 
6.00 
5.75 
5.00 
4.00 
3.50 

9.00 
7.00 
6.00 
•    6.00 
6.00 
4.50 
4.25 
3.25 
2.75 

7.00 
6.00 
5.50 
5.00 
4.50 
8.75 
8.60 
8.00 
2.25 

4.75 
4.50 
4.25 
4.00 
8.75 
8.25 
2.76 
2.50 
1.76 

Note.— We  do  not  publish  a  table  of  iron  ropes  for  inclines,  as  the  use  of 
iron  ropes  for  this  purpose  has  been  generally  abandoned,  steel  ropes  being 
&r  more  satls&ctory  and  economical. 
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•ACT-CTBKI.    MOISTINa    ROPK*. 

Made  of  6  STBANDe  of  19  Wibes  Each,  Laid  Abound  a  Hkmp  Cobb. 


Diameter 
of 

Diameters  of  Sheaves  or  Drumi  in  Feet,  Showing  Percentages 
of  life  for  Various  Diameters. 

Rope. 
Incnes. 

IQQi 

WH 

BQi 

75)t 

60j( 

60j( 

25X 

li 
If 
li 
li 

1 

\ 
\ 

14.00 
12.00 
10.00 
9.00 
8.00 
7.50 
5.50 
4.50 
4.00 
8.00 

12.00 
10.00 
8.50 
7.50 
7.00 
6.75 
4.50 
4.00 
8.00 

10.00 
8.00 
7.60 
6.50 
6.00 
5.75 
4.00 
8.75 
8.00 

8.50 
7.00 
6.76 
5.50 
5.50 
5.00 
8.75 
8.25 
2.75 
2.00 

7.00 
6.00 
5.50 
5.00 
4.50 
4.25 
8.25 
8.00 
2.25 

6.00 
5.26 
6.00 
4.50 
4.00 
3.50 
3.00 
2.50 
2.00 
1.50 

4.50 
4.25 
4.00 
3.76 
8.50 
8.00 
2.25 
2.00 
1.60 

Made  of  6  Strands  of  19  Wibes  Each,  Laid  Abound  a  Hemp  Cobe. 


Diameter 
of 

Diameters  of  Sheaves  or  Drums  in  Feet,  Showing  Perceiitages 
of  Life  for  Various  Diameters. 

Rope. 
Incnes. 

100j( 

90j( 

80)( 

75J{ 

60^ 

50i 

25j( 

li 

12.00 

11.00 

9.00 

7.50 

6.00 

5.00 

8.00 

If 

10.00 

9.00 

7.50 

7.00 

5.25 

4.76 

4.00 

ll 

9.00 

7.75 

6.50 

6.75 

4.50 

4.00 

3.50 

li 

8.00 

6.75 

6.50 

6.00 

4.25 

8.50 

3.00 

1 

6.75 

6.00 

5.00 

4.75 

4.00 

8.25 

2.75 

1 

6.75 

6.00 

5.00 

4.50 

4.00 

8.00 

2.50 

6.00 

4.75 

4.00 

8.75 

8.00 

2.75 

2.00 

t 

4.50 

8.75 

8.25 

8.00 

2.75 

2.25 

1.75 

8.50 

8.25 

8.00 

2.76 

2.00 

1.50 

1.00 

i 

8.00 

2.00 

1.25 

1.00 

Wire  rope  is  as  pliable  as  new  hemp  rope  of  the  same  strength;  the  former 
will  therefore  run  on  the  same  sized  sheaves  and  pulleys  as  the  latter.  But 
the  greater  the  diameter  of  the  sheaves,  pullevs,  and  drums,  the  longer  wire 
rope  will  last.  In  the  construction  of  machinery  for  wire  rope,  it  will  be 
f&und  good  economy  to  make  the  drums  and  sheaves  as  large  as  possible. 

The  tables  of  wire-rope  manufacturers  give  "  proper  diameters  of  drum  or 
sheave  "  at  ftom  50  to  65  times  the  rope  diameter;  but  the  expression  would 
more  properly  be  the  "minimum  admissible  diameter."  For  ordinary  ser- 
vice, by  using  sheaves  and  drums  flx)m  75  to  100  times  the  diameter  of  the 
rope,  tne  average  life  of  hoisting  ropes  would  be  materially  lengthened. 
For  rapid  hoisting,  during  which  abnormal  strains  are  most  llKely  fo  occur, 
or  where  a  low  factor  of  safety  is  employed,  a  sheave  diameter  of  150  times 
that  of  the  rope  is  to  be  recommended. 

Experience  has  demonstrated  that  the  wear  increases  with  the  speed.  It 
is  therefore  better  to  increase  the  load  than  the  speed.  Wire  rope  is  manu- 
factured either  with  a  wire  or  a  hemp  center.  The  latter  is  more  pliable 
than  the  former,  and  will  wear  better  where  there  is  short  bending. 

Wire  rope  must  not  be  coiled  or  uncoiled  like  hemp  rope.  When  mounted  on 
a  reel,  the  latter  should  be  mounted  on  a  spindle  or  flat  turntable  to  pay  of^ 
the  rope.  When  forwarded  in  a  small  coil,  without  reel,  roll  it  over  the 
ground  like  a  wheel,  and  run  off  the  rope  tn  that  way.  All  untwisting  or 
Unking  must  be  avoided. 
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EXTRA  STRAIN  ON  A  HOISTING  ROPE  WITH  A  PEW  INCHES 

OP  SLAOK  OHAIN 


Dynamometer  Tests. 


First  Test 

Empty  cage  lifted  gently  »...:.. 

Empty  cage  with  2|  inches  slack  chain 

Empty  cage  with  6  inches  slack  chain 

Empty  cage  with  12  inches  slack  chain 

Second  Test 

Cage  and  four  empty  cars  weighed  by  machine 

Cage  and  four  empty  cars  lifted  gently  

Cage  and  four  empty  cars  with  3  inches  slack  chain 
Cage  and  four  empty  cars  with  6  inches  slack  chain 
Cage  and  four  empty  cars  with  12  inches  slack  chain 

Third  Test 

Cage  and  ftill  cars  weighed  by  machine 

No.  1,  lifted  gently 

No.  2,  lifted  gently 

No.  1,  with  3  inches  slack  chain 

No.  2,  with  3  inches  slack  chain 

No.  1,  with  6  inches  slack  chain 

No.  2,  with  6  inches  slack  chain 

No.  1,  with  9  inches  slack  chain 

No.  2,  with  9  inches  slack  chain 


Tons. 

Cwts. 

1 

16 

2 

10 

4 

0 

5 

10 

2 

17 

3 

0 

5 

0 

5 

10 

7 

0 

5 

1 

5 

-  1 

5 

3 

8 

10 

8 

10 

10 

10 

11 

10 

12 

10 

11 

10 

WIRE-ROPE  CALCUiJkTIONS. 

The  working  load,  also  called  the  proper  working  load,  Is  the  maximum 
load  that  a  rope  should  be  permitted  to  support  under  working  conditions. 
The  stress  on  a  rope  to  which  a  load  is  attached,  and  which  oends  over  a 
sheave,  is  made  up  of  two  parts:  (1)  That  due  to  the  load  on  the  rope,  known 
as  the  load  stress;  (2)  that  due  to  the  bending  of  the  rope  about  a  sheave  or 
drum,  known  as  the  bending  stress.    That  is,  if 

S  —  total  safe  stress; 
Sb  =  bending  stress; 
Si  =  load  stress: 
S=  Sb  +  Si  and  Si  =  S  —  S^. 

The  total  stress  must  not  equal  the  elastic  limit  of  the  material  composing 
the  rope  and  is  usually  taken  as  from  one-third  to  one-fourth  the  approxi- 
mate breaking  stress. 

It  is  only  quite  recently  that  account  has  been  taken  of  this  second  stress 
in  wire-rope  problems,  and  it  is  not,  as  yet,  by  any  means  universal  practice 
to  consider  it  in  calculating  the  size  of  rope  needed  for  a  given  purpose. 

If  we  have  a  given  weight  to  hoist  with  a  wire  rope,  the  proper  size  of  rope 
to  use  may  be  taken  directly  ftom  the  tables  on  pages  120, 121, 122,  but  this 
does  not  take  account  of  the  bending  stress,  except  by  allowing  for  it  in  the 
factor  of  safety  assumed. 

A  second  method  calculates  the  bending  stress. 

The  following  formulas  and  the  diagram  based  on  them,  given  on 
page  125,  are  given  bv  Mr.  E.  T.  Sederholm,  former  chief  engineer  for  Fraser 
&  Chalmers,  and  will  be  found  in  the  hoisting-engine  catalogue  of  the 
Allis-Chalmers  Co. 

The  general  formula  for  the  bending  stress  is 

5.  =  ^°^ 


in  which 


D    ' 

Sf,  =  bending  stress; 
E  =  modulus  of  elasticity; 
o  =  diameter  of  each  wire; 
D  =  diameter  of  drum  or  sheave; 
A  =  total  area  of  the  wire  cross-section,  in  inches. 
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For  a  rope  of  19  wires  to  the  strand  the  diameter  of  each  wire  is  about  one- 
fifteenth  (exactly  ^^)  of  the  diameter  of  the  rope.    That  is,  if  d  =  diameter 

of  rope,  o  =  .,-     •,  and  by  substituting  this  in  the  above  formula  Si,  =  rv -^^  ^. 

The  modulus  of  elasticity  for  the  different  kinds  of  wire  is  given  different 
values  by  different  authorities.  Mr.  Sederholm  uses  29,400,000  in  his  formula 
and  diagram,  and  Mr.  Hewitt  28,500,000,  the  same  modulus  being  used  for 
the  different  materials  of  which  ropes  are  made. 

The  cross-section  of  metal  .4  in  a  wire  rope  is  approximately  .4  cf*.  or  it 
may  be  more  accurately  calculated  by  multiplying  tne  cross-section  of  each 
wire,  as  given  bv  a  wire  table,  by  the  number  of  wires  in  the  rope. 

Find  the  bending  stress  in  a  19- wire,  cast-steel  hoisting  rope  2  in.  in  diam- 
eter, winding  on  an  8-ft.  drum,  if  ^  =  .4  d*,  and  E  =  29,400,000, 

S,  =     29.400,000  X  23  X. 4    ^ 
*^'      10  X  16.52  X  96  X  2,000 

The  approximate  breaking  stress  for  such  a  rope  is  124  tons,  and  if 

124 
we  assume  a  factor  of  3,  -r-  =  41+  tons  for  the  safe  working  stress,  and 

41  _  32  =  9  tons,  for  the  safe  lifting  load  under  the  given  conditions. 

The  diagram  given  on  page  125  is  based  on  the  above  formula. 

Mr.  Wm.  Hewitt,  of  the  Trenton  Iron  Co.,  has  given  a  similar  but  more 
complicated  formula  for  the  bending  stress,  which  is  supposed  to  give  some- 
what more  accurate  results,  as  he  has  introduced  terms  which  allow  for  the 
actual  radius  of  the  bend  at  the  outside  fiber  of  the  rope,  while  the  Sederholm 
formula  assumes  the  radius  of  the  bend  to  be  the  radius  of  the  sheave. 

Mr.  Hewitt's  formula  is  as  follows: 

Ob  = p 

2.06  ^  +  0 
a 

in  which    8^  =  bending  stress,  in  pounds; 

E  =  modulus  of  elasticity  (28,500,000); 
A  =  aggregate  area  of  wires,  in  square  inches ; 
R  =  ramus  of  drum  or  sheave,  in  inches; 
d  =  diameter  of  individual  wires,  in  inches ; 
(7  =  a  constant  depending  on  number  of  wires  in  strands. 
The  values  of  d  and  C  are : 

7-Wire  Rope  19-Wire  Rope 

d  =  h  diameter  of  rope  d  =  ^  diameter  of  rope 

(7  =  9.27  C=  15.45 

For  12-wire  and  16-wire  ropes  the  values  are  intermediate  in  proportion  to 
tlie  number  of  wires.  In  the  case  of  ropes  having  strands  composed  of  dif- 
ferent sizes  of  wires,  take  the  larger  of  the  outer  layer  for  the  value  of  d. 

Mr.  Hewitt  assumes  one-third  of  the  approximate  breaking  stress  as  the 
maximum  safe  stress  and  uses  28,500,000  for  the  modulus  of  elasticity. 

If  the  problem  given  under  the  Sederholm  formula  is  worked  out  by  the 
Hewitt  formula  the  safe  working  load  will  be  Hi  tons,  while  the  table  on 
I>ages  120  and  121  gives  24.8  tons. 

The  Sederholm  diagram  on  page  125  gives  for  a  load  of  24.8  tons  a  sheave 
between  16  and  17  ft.  diameter,  the  Sederholm  formula  gives  a  sheave  of 
15  ft.  in  diameter,  while  the  table  on  pages  120  and  121  gives  8  ft.  It  is  evi- 
dent that  there  is  a  wide  diflference  of  opinion  among  the  wire-rope  authori- 
ties and  a  good  opportunity  for  experimental  work  along  this  line. 

In  using  the  Sederholm  or  Hewitt  formulas  there  are  two  unknown 
quantities,  the  diameter  of  the  rope  d  and  the  diameter  D  or  radiui^  R  of  the 
drum,  d  varies  inversely  as  D,  that  is,  for  a  given  load  the  smaller  d  is 
taken  the  larger  D  must  be  to  give  the  same  conditions  of  safety. 

If  we  could  assume  a  certain  ratio  between  St  and  Si  in  the  formula 
8=  Si,  +  Si  the  problem  could  be  easily  solved,  but  an  examination  of  this 
ratio  in  a  number  of  cases  where  good  results  have  been  obtained  from 

S  Si  2 

hoisting  ropes  shows  this  ratio  to  vary  from  ^  =  1  to  ^'  =  ^ .    In  the  trans- 

S        1 
mission  of  power  by  wire  ropes,  Mr.  Hewitt  assumes  ^  =  k,  but  this  relation 

Oft         z 

will  scarcelv  hold  in  a  hoisting  problem,  and  the  above  problem  must  be 
solved  by  tne  cut-and-try  method. 
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Wtar  of  Wire  RoMt.— The  deterioration  of  wire  ropes  may  be  either 
external  or  internal,  and  may  be  due  (1)  to  abrasion,  due  to  the  rubbing  of 
the  outside  surface  of  the  rope  a&;ainst  other  objects,  or  to  the  internal 
chafing  of  the  wires  composing  the  strands  against  one  another,  (2)  to 
injury  from  overloading,  to  shock  due  to  sudden  starting  of  the  load,  or  to 
repeated  bendings  about  too  sharp  angles  or  over  sheaves  or  rollers  of  too 
small  a  diameter  for  the  size  of  the  rope;  (3)  to  rust  or  corrosion  of  the  wire 
from  acid  waters,  or  to  decay  of  the  hemp  cores. 

As  a  result  of  abrasion,  the  wires  in  a  rope  are  either  flattened  or  torn, 
apart.  With  properly  designed  drums  and  head-frame  and  properly  placed 
i^eaves,  a  hoisting  rope  is  but  slightly  abraded,  and  the  wear  is  due  chiefly 
to  bending  or  to  overloading.  A  haulage  rope  is  subjected  to  constant 
abrasion  in  passing  over  rollers  and  sheaves  and  fit)m  dragging  along  the 
bottom  and  ades  of  the  haulage  ways  and  from  the  grips.  It  is  also  often 
subject  to  severe  shocks  and  abrasion  from  the  lashing  or  vibration  when 
the  winding  engine  starts. 

The  wear  ana  tear  on  a  rope  increases  as  its  velocity  is  increased;  hence, 
conditions  permitting,  it  is  better  to  increase  the  output  by  increasing  the 
load  within  allowable  limits  rather  than  by  increasing  the  veloci^  of 
the  rope. 

Inspection  of  Ropot.— The  life  of  a  hoisting  rope  depends  not  only  on  its 
uali^,  but  also  on  the  conditions  under  which  it  is  used  and  on  the  care- 
iilness  of  the  engineer  in  handling  the  load.  A  rope  should  be  inspected 
often  and  at  regular  intervals.  At  some  mines  the  hoisting  ropes  are 
Inspected  every  morning  bef^e  lowering  the  men.  The  cage  is  slowly 
lowered  and  then  raised,  each  rope  being  carefully  examined  by  an 
inspector  to  detect  any  broken  wires.  Particular  attention  should  be  given 
to  the  pext  of  the  rope  where  it  is  attached  to  the  socket  at  the  cage,  as  this 
part  1b  more  subject  to  corrosion  and  sharp  bending  than  any  other.  When 
the  core  fails  at  any  point  the  rope  should  be  discarded  at  once,  as  the  wires 
are  likely  to  kink  and  break  internally  as  the  rope  passes  over  the  sheave. 
At  some  mines  hoisting  ropes  are  discarded  at  regular  intervals,  whether 
they  show  wear  or  not.  Haulage  ropes  do  not  require  as  fi^uent  exam- 
ination,  and  are  not  discarded  as  quickly,  as  hoisting  ropes,  as  much  less  in 
the  way  of  life  and  property  is  dependent  on  them.  A  new  piece  of  loose 
hemp  rope  with  one  turn  round  the  haulage  rope  and  each  end  held  firmly 
while  the  rope  is  run  will  indicate  loose  wire  ends. 

Lubrication  of  Ropos.—Mine  water  has  a  very  corrosive  action  on  wire 
ropes,  and  a  rope  will  soon  be  destroyed  unless  the  water  is  prevented  from 
coming  in  contact  with  the  metal  of  the  roi)e.  To  avoid  this  corrosive 
action  tar,  black  oil,  or  some  lubricating  preparation  is  applied  to  the  rope, 
but  any  lubricant  used  must  be  free  from  acids  or  other  substances  that 
would  corrode  the  wire. 

For  hoisting  ropes,  one  bushel  of  freshly  slacked  lime  to  one  barrel  of  pine 
or  coal  tar  makes  a  good  lubricant;  with  pine  tar,  which  contains  no  acid, 
tallow  may  be  used  instead  of  lime.  Another  mixture  contains  tar,  summ^ 
oil,  axle  grease,  and  a  little  pulverized  mica,  mixed  to  such  a  consistency 
that  it  will  penetrate  thoroughly  between  the  wires  and  will  not  dry  nor 
strip  off.  Tne  lubricant  should  not  be  thick  enough  to  render  difficult  the 
thorough  inspection  of  the  rope,  and  all  lubricants  of  this  nature  should  be 
used  sparingly  after  the  first  application,  as  the  rope  should  be  kept  clean 
and  free  from  grit.  Graphite  is  also  used  for  the  purpose.  Lubricants  may 
be  applied  by  running  the  engine  slowly  and  allowing  the  rope  to  pass 
through  a  bunch  of  waste  saturated  with  lubricant,  by  rubbing  the  lubricant 
into  the  rope  by  means  of  a  bru^,  or  by  pouring  the  oil  into  the  groove  of 
the  sheate  as  the  rope  is  run  slowly  back  and  forth.  A  new  hoisting  rope 
should  be  passed  through  a  bath  of^hot  lubricant  and  thus  be  thoroughly 
lubricated. 

Haulage  ropes  are  not  usually  lubricated  as  thoroughly  as  hoisting  ropes 
on  account  of  the  grease  causing  slipping  of  grips  and  gathering  of  dirt  and 
dust,  but  they  can  be  treated  with  raw  linseed  oil  thickenea  with  lamp 
black  boiled  with  an  equal  portion  of  pine  tar,  and  the  mixture  appliea 
while  hot.  Ordinary  black  oil,  such  as  is  used  to  oil  mine  cars  and  hoisting 
ropes,  can  be  used  on  haulage  ropes  where  no  friction  grips  are  employed. 
These  mixtures,  if  fluid,  can  be  poured  on  the  rope  as  it  is  run  over  the 
sheave,  or  applied  fW)m  a  leather-lined  box  fllled  with  oil.  Patent  lubricants 
known  as  cciMe  shields  or  rope  filers,  which  fill  the  interstices  between  the 
brands,  are  often  used  on  tail  and  main  ropes. 
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Storting  Strain  on  Hoitting  Ropa.— In  selecting  a  hoisting  rope,  due  allow- 
ance mxm  be  made  for  the  shock  and  extra  strain  imposedf  on  the  rope  when 
the  load  is  started  from  rest.  Experiments  made  by  macing  a  dynamometer 
between  the  rope  and  the  cage  have  shown  that  staixing  stress  may  be  from 
two  to  three  times  the  actualload. 


Exi>eriment  1. 


Empty  cage,  lifted  gently ; 

Empty  cage,  started  with  2|  in.  of  slack  rope 
Empty  cage,  started  with  6  in.  of  slack  rope  .. 
Empty  cage,  started  with  12  in.  of  slack  rope 


Strain  in  Rope. 
Pounds. 


4,030 

5,600 

8,950 

12,300 


Experiment  2. 


Cage  and  loaded  cars,  as  weighed 

Cage  and  loaded  cars,  lifted  slowly  and  gently   

Cage  and  loaded  cars,  started  with  3  in.  of  slack  rope 
Cage  and  loaded  cars,  started  with  6  in.  of  slack  rope 
Cage  and  loaded  cars,  started  with  9  in.  of  slc^k  rope 


Strain  in  Rope. 
Pounds. 


11,300 
11,525 
19,025 
24,625 
26,850 


HOBSEPOWEB  OF  MANILA  ROPES. 

(Link-Belt  Engineering  Co.) 
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16 
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5 
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10 
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14 
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19 
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0.45 
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7 
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WIRE-ROPE  FASTENINGS. 

Thimble  spliced,  in  ordinary  style,  is  shown  in  Fig.  1  (a).  In  this  method, 
the  wires,  after  being  frayed  out  at  the  end  and  the  rope  bent  around  the 
thimble,  are  laid  snugly  about  the  main  portion  of  the  rope  and  securely 
fastened  by  wrapping  with  stout  wire,  the  extreme  ends  that  project  below 
this  wrapping  bcang  folded  back,  as  shown. 

Anotner  style  ofthimble  splicing  is  shown  in  Fig.  1  (5).  In  this  case  the 
strands  are  interlocked  as  in  splicing,  and  the  joint  is  wrapped  with  wire  as 
in  the  former  method.  The  socket  fastening  is  shown  in  Fig.  1  (c).  The  hole 
in  which  the  rope  end  is  fastened  is  conical  in  shape.  The  rope  is  generally 
secured  by  fraying  out  the  wires  at  the  end,  the  interstices  being  filled  up 
with  spikes  driven  in  tightly.  The  whole  is  finally  cemented  by  pouring  in 
molten  Babbitt  metal.  This  makes  a  much  neater  fastening  than  eiuer 
of  those  shown  in  (a)  and  (b),  but  it  does  not  possess  anjrthing  like  as 
much  strength.  The  thimble  possesses  a  serious  disadvantage;  it  is 
usually  made  of  a  piece  of  curved  metal  bent  around  into  an  oyij  shape. 


WIRE-nOPE  SPLICING. 


127 


(a) 


as  shown  in  (a)  and  (&),  with  the  groove,  in  which  the  rope  lies,  outside, 
the  ends  coming  together  in  a  sharp  point.  When  weight  is  placed  on  the 
rope,  the  strain  on  the  thimble  is  apt  to  cause  one  end  to  wedge  itself 
beyond  or  past  the  other,  and  with  its  sharp  edge 
it  cuts  the  strands  in  the  splice.  Mr.  Williaja 
Hewitt,  of  Trenton,  N.  J.,  while  testing  the 
strength  of  wire  ropes,  discovered  this  tendency, 
and  experimented  with  sockets  with  the  idea 
of  devising  some  method  of  £utening  the  rope 
securely  in  the  socket.  He  found  that  by  adopt- 
ing the  following  plan  he  secured  good  results: 

The  wires,  aner  being  fhtyed  out  at  the  end, 
were  bent  upon  themselves  in  hook  fashion,  the 
iffongs  of  some  being  longer  than  others,  so  that 
the  bunch  would  conform  to  the  conical  aperture 
of  the  socket,  and  the  melted  Babbitt  metal  was 
finally  run  in  as  usual.  The  rope  was  subjected 
to  a  strain  of  over  129,000  lb.,  and  the  wires  in 
the  socket  were  unaffected.  The  simplicity  of  this  method  commends 
itself  to  practical  meil. 


K«i«^&^  (c) 


Fig.  1. 


RAPID  METHOD  OF  SPLIOINQ  A  WIRE  ROPE.* 

The  onlv  tools  needed  are  a  cold  cutter  and  hammer  for  cutting  and 
trimming  the  strands,  and  two  needles  12  in.  long,  made  of  good  ste^  and 
tapered  ovally  to  a  point.  Cut  off  the  ends  of  the  ropes  to  be  spliced  and 
unlay  three  adjacent  strands  of  each  back  15  ft.;  cut  out  the  hemp 
center  to  this  point  and  relay  the  strands  for  7  ft.  and  cut  them  off.  Pull 
the  ropes  by  each  other  until  they  have  the  position  shown  in  Fig.  2  (a), 
cut  off  a  and  d',  b  and  &,  Fig.  2  (&),  making  their  lengths  approximately  10 
and  12|  ft.,  respectively,  measured  from  the  point  where  the  hemp  centers 
were  cut.    Place  the  ropes  together.  Pig.  2  (6);  unlay  e.  d,  c,  Fig.  2  (a), 

keeping  the  strands  to- 
/^frv>  C^ftffr  0x    ._  gether,  and  follow  with  «', 

. !_•« 3'.  c'.  Fig.  2  (6).    Similarly, 

unlay/a',?/,  Piff.  2  (6), 
and  follow  witn/,a,6. 


:<Ht^"^r^^^j^  until  the  rope  appears  as  in 

3C       7~"    Pig.  2  (c).    Next  run  the 

tftmp  Cffit^  strands  into  the  middle  of 

the  rope.    To  do  this,  cut 


(h)  /'V 


Fig.  2. 

off  the  end  of  the  strand  c'  Fig.  2  (c),  so  that  when  it  is  put  in  place  it  will  just 
reach  to  the  end  x  of  the  hemp  core,  and  then  push  the  neeale  A,  Fig.  2  (c), 
through  the  rope  fh)m  the  under  side,  leaving  two  strands  at  the  front  of  the 
needle,  as  shown.  Push  the  needle  B  through  from  the  upper  side  and  as 
close  to  the  needle  A  as  possible,  leaving  the  strands  e  and  ff  between  them; 

8 lace  the  needle  A  on  the  knee  and  turn  the  needle  B  around  with  the  coil  of 
tie  rope,  and  force  the  strand  tf  into  the  center  of  the  rope.    Repeat  this 

•W.  H.  Morris.  "  Mines  uid  Minerals."  September,  1898. 
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WIRB-ROPB  spLicma. 

ofrnMon  with  the  other  endi. 

tojtetheT  in  the  oent«r  of  Uis  rope  will  butt  »t 


TmIi  RMtlrtd.— One  pair  wire  nlppenfOr  cnttliu  ol 
pllen,  Cot  pulllne  through  »nd  BtnUsfilenlnc  endi  oTitn 

spikes,  one  round  and  one  oval,  tor  opening  nnnil*:  one f 

center;  two  olampe,  to  unttrln  rope  t«  iiueit  endi  of  itnuids,  or,  In  place  of 
them,  two  ahort  hemp-rope  slinm,  with  a  Htlck  Ibreoch  ua  lever;  a  wooden 
mallet  and  some  rope  twine.    Also,  a  bench  and  viae  are  bandy. 

The  length  of  the  apllce  depend!  on  the  tlxeoflheiope.  The  larger  rope* 
requite  the  longer  ■plicee.  The  apllce  of  ropea  ftom  t  In.  to  |  In.  In  diameter 
ihould  not  be  le«  than  20  tL;  fiom  [  In,  (o  1|  In.,  30  ft,;  and  trom  1)  Ip. 

To  eptlce  a  rope,  tie  each  end  with  a  p<ece  of  cord  a(  a  dIMance  equa)  to 
one-half  thelengtli  of  the  epUce.  or  ID  It.  back  (torn  t^e  end,  for  a.|"rope.  allet 
which  nnUr  each  end  ai  qlt  u  the  coid.  Then  cut  out  the  hemp  center, 
and  bring  the  two  enda  together  aa  clDBe  aa  poadble,  placing  the  nronde  of 
Uieone  end  between  thoaeof  theolher,  as  shown  In  Fig.  3  (a).  Now  remove 
the  cord  t  ttom  the  end  Jf  of  the  rope,  and  unlay  any  aCrand,  aa  a.  and  follow  It 
np  with  the  strand  of  Ibe  other  end  IP  of  the  rope  thai  correaponda  to  It,  a* 
tr,  Flg.3(a).    About  e  In.  or  a  are  leftont.  and  ab  cutoff  about  6ln.Ih»n  the 


that  hoM  these  two  strands  down;  efler  which  turn  the  clamp  In  the  oppo- 
site dlrecUon  to  which  the  rope  Is  twisted,  thereby  untwisting  the  rope,  as 
shown  In  Fig.  Std),  The  rope  should  be  untwisted  enough  to  allow  Its  hemp 
core  to  be  pulled  out  with  a  pair  of  nippers.  Cutoff341n.  of  the  hemp  core, 
12  In.  at  each  side  from  Che  point  of  Intersection  of  the  atrandsaand  a',  and 
push  the  ends  of  the  strands  In  their  place,  as  shown  In  Fig.  3  Id).  Then 
allow  the  rope  to  Iwlst  up  lo  Ita  natural  shape,  and  remove  the  clamps. 
After  the  rope  has  been  allowed  to  twist  up,  the  strands  tucked  <n  generally 
bulge  out  somewhat.  This  bulging  may  be  reduced  by  lightly  taOT><ne  the 
bulged  part  of  the  strands  with  a  wooden  mallet,  which  will  force  their  ends 
farther  Into  the  rope.  Proceed  In  the  same  manner  to  tuck  In  the  other  ends 
of  the  strands,  


easy  play,  so  aa  to  moke  I 

when  wound  around  druma,  sneaTes,  etc. 

The  weight  of  cloae^Unk  chain  Is  about  three  times  the  weight  of  bar  trom 
which  It  la  made,  for  equal  lengths. 

Karl  von  Ot(,  comrarlng  weight,  coat,  and  strength  of  three  materials, 
hemp,  Iron  wire,  and  chain  Iron,  concludes  that  the  proportion  Itetweencoat 
of  hemp  rope,  wire  rope,  and  chain  la  as  2 : 1 : 3,  and  that,  therefore,  for 
equal  resistances,  wire  rope  is  only  half  the  cost  of  hemp  rope,  and  a  third 
oicostof  chalna. 

Chalna  of  warranted  superior  Iron  will  stand  2M  more  strain  befbra 
breaking.  The  report  of  the  IT.  8.  Tert;  Boanl,  1881,  shows  that  the  ultimate 
Krenglh  of  chains  may  be  taken  at  1.6  that  of  the  iron  from  which  the  Uoki 
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The  strenflrth  of  dudns  Taries,  owing  to  the  nature  of  the  iron  from  which 
they  are  madie,  and  their  mechanical  construction.  The  following  table  is 
approximately  correct  for  ordinary  iron  chains: 

Table  of  Weight  and  Strength  of  Chains. 


Diameter  of 

Bod  of 

Which  the 

Links  Are 

Made. 

Inohea. 


Weight  of 

Chaia 

per 

BuDoing 

Foot. 
Poanda. 


.325 
.579 
.904 
1.30 
1.78 
2.31 
2.93 
3.62 
4.38 
5.21 
6.11 


Working 

Breaking 

Strength. 

Strain. 

Ton*. 

Tons. 

.19 

.773 

.36 

1.37 

.45 

2.14 

.85 

3.09 

1.09 

4.20 

1.43 

5.50 

1.80 

6.96 

2.23 

8.58 

2.70 

10.39 

3.21 

12.36 

3.80 

14.42 

Diameter  of 

Bod  of 

Whieh  the 

Links  Are 

Made. 

Inches. 


.1, 


1 

1{ 

1 

ij 

1 
ij 

V\ 

l} 
2 


Weight  of 

Chain 

per 

Running 

Foot. 
Founds. 


7.10 
8.14 
9.26 
11.70* 
14.50 
17.50 
20.80 
24.40 
28.40 
32.60 
37.00 


Working 

Strength, 
Tons. 


4.40 

5.00 

5.71 

7.23 

9.00 

10.80 

13.00 

15.24 

17.65 

20.27 

23.10 


Breaking 

Stomin. 

Tons. 


16.80 
19.82 
22.00 
26.44 
32.64 
39.42 
47.00 
55.14 
63.97 
73.44 
83.55 


HYDROSTATICS. 

Hydrostaties  treats  of  the  equilibrium  of  liquids,  and  of  their  pressures  on 
the  walls  of  vessels  contidning  them;  the  science  depends  on  the  way  in 
which  the  molecules  of  a  liquid  form  a  mass  under  ihe  action  of  gravity 
and  molecular  attraction,  the  latter  of  which  is  so  modified  in  liquios  as  to 
gdve  them  their  state  of  liquidity.  While  the  i)articles  of  a  liquid  cohere, 
they  are  free  to  slide  upon  one  another  without  the  least  apparent  friction; 
and  it  is  this  perfect  mobility  that  gives  them  the  mechanical  properties 
considered  in  hydrostatics. 

The  ftindamental  property  may  be  thus  stated:  When  a  pressure  is  exerted 
on  any  part  of  the  surface  of  a  liquid,  that  pressure  is  transmuted  undiminitJied 
to  all  parts  of  the  mass,  ana  in  ail  directions.  This  is  a  physical  axiom,  and  on 
it  are  based  nearly  all  the  principles  of  hydrostatics. 

Equilibrium  of  Liquids.— This  is  a  property  of  liquids  that  can  be  easily 
demonstrated,  and  examples  are  frequently  seen.  Thus,  if  two  barrels  are 
connected  at  the  bottom  with  a  pipe,  and  water  is  poured  in  one  until  it 
reaches  within  a  foot  of  the  top,  the  water  in  the  other  will  be  found  to  have 
attained  the  same  height. 

Pressure  of  Liquids  on  Surfeoos.— The  general  proposition  on  this  point  is  as 
follows:  Tlie  pressure  qf  a  liquid  on  any  surface  immersed  in  it  is  equal  to  the 
weight  of  a  column  of  the  liouid  whose  base  is  the  surface  pressed,  arid  whose 
height  is  the  perpendicular  depth  of  the  center  of  gravity  of  the  surface  bdow  the 
surface  of  the  liquid.  The  pressure  thus  exerted  is  independent  of  the  shape 
or  size  of  the  vessel  or  cavity  containing  the  liquid. 

The  pressure  of  a  liquid  against  any  point  of  any  surface,  either  curved 
or  plane,  is  always  perpendicular  to  the  surface  at  tnat  point. 

At  any  given  depth  the  pressure  of  a  liquid  is  eqjiai  in  every  direction, 
and  is  in  dkect  proportion  to  the  vertical  depth  below  the  surfiEice. 

Tlie  weight  of  •  cubic  foot  of  fresh  weter,  at  ordinary  temperature  of  the 
atmosphere,  that  is,  from  32*^  F.  to  80°  F.,  is  usually  assumed  at  62.5  lb.  This 
is  a  tnfle  more  than  the  actual  weight,  but  is  sufficiently  close  for  purposes 
of  calculation. 

To  Find  the  Pressure  Exerted  by  Quiet  Witer  Agiinst  the  Side  of  •  Ciniwey  or 
Heeding.—Multiply  the  area  of  the  side  in  square  feet  by  the  perpendicular 
distance  Arom  the  surface  of  the  water  to  a  point  equidistant  between  the 
top  and  bottom  of  the  submerged  heading  or  gangway,  and  multiply  the 
product  by  62.5.  The  result  will  be  the  pressure  in  pounds,  exclusive  of 
atmospheric  pressure.     This  latter  need  not  be  considered  in  ordinary 

mining  work. 
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Example.— If  an  abandoned  colliery,  opened  by  a  slope  on  a  pitch  of  7SP 
and  100  yd.  long,  is  allowed  to  fill  with  water,  what  is  the  average  pressure 
exerted  on  each  square  foot  of  the  lower  rib  of  the  gangway,  assuming 
that  the  gangways  were  driven  dead  level,  and  that  the  length  of  the  slope 
was  measured  to  a  point  on  the  lower  rib  equidistant  between  top  and 
bottom  of  gangway. 

We  here  have  a  perpendicular  height  of  water  =  800  X  sine  of  26° 
=  126.78  ft.  Then,  the  pressure  on  each  souare  foot  of  the  lower  rib  of 
gangway  =  126.78  X  62.5  lb.,  or  the  weight  or  1  cu.  ft.,  or  a  pressure  on  each 
square  foot  of  surface  of  7,923.76  lb.,  or  over  ^  gross  tons.  The  total  pressure 
exerted  along  the  gangway  may  readily  be  found  by  multiplying  the 
7,923.75  lb.  by  the  number  of  square  feet  of  the  lower  rib  against  which 
it  rests. 

To  find  the  total  prtuure  of  quiet  water  asainat  and  perpendlovlar  to  any 
surface  whatever,  as  a  dam,  embankment,  or  the  bottom,  side  or  top  of  any 
containing  vessel,  water  pipe,  etc.,  no  matter  whether  said  surface  be 
vertical,  horizontal,  or  inclined;  or  whether  it  be  flat  or  curved;  or  whether 
it  reach  to  the  surfiEice  of  the  water  or  be  entirely  below  it: 

MvUiply  the  area,  in  square  feety  qf  the  surface  pressed,  by  the  vertical  depth  in 
feet  of  its  center  of  gravity  below  the  surface  qfthe  water,  and  this  product  by  69.6. 
The  resuU  udU  be  the  pressure  in  pounds. 

Thus,  assuming  tnat  in  the  annexed  three  figures  the  depth  of  water  in 
each  dam  is  12  ft.,  and  the  wall  or  embankment  is  50  ft.  long,  then  in 
Fig.  1  the  total  pressure  will  equal  12  X  50  X  6  X  62.5  =  225,000  lb. 

In  Figs.  2  and  3  the  walls  or  embankmentis,  being  inclined,  expose  a 
greater  sur&ce  to  pressure,  say  18  ft.  fh>m  A  to  £.  Then  the  total  pressure 
equals  18  X  50  X  6  X  62.5  =  337,500  lb. 

Now,  the  results  obtained  are  the  totoZ  pressures  without  regard  to  direction. 

In  Fig.  1  the  total 
pressure  calculated, 
or  225,000  lb.,  is  hori- 
zontal,  tending 
either  to  overturn 
the  wall  or  make  it 
slide  on  its  base. 
The  center  of  pres* 


Fig.  1. 


Fio.  2. 


Fig.  3. 


sure  is  at  C,  or  one-third  of  the  vertical  depth  ftom  the  bottom. 

In  Fig.  2  the  pressure  is  exerted  in  two  directions;  one  pressure,  acting 
horizontally,  tends  to  overthrow  or  slide  the  wall,  while  the  other,  acting 
vertically,  tends  to  hold  it  in  place. 

In  Fig.  3  the  pressure  is  also  exerted  in  two  directions;  one  pressure, 
acting  horizontally,  tends  to  overthrow  or  slide  the  wall,  while  the  other 
tends  to  lift. 

So  long  as  the  vertical  depth  of  water  remains  the  same,  the  horizontal 
pressure  remains  the  same,  no  matter  what  inclination  is  g^ven  the  wall. 
Thus,  in  Figs.  2  and  3,  the  horizontal  pressure  is  the  same  as  in  Fig.  1, 
or  225,000  lb. 

The  total  pressure  of  the  water  is  distributed  over  the  entire  depth  of  the 
submerged  ixart  of  the  back  of  the  wall,  and  is  least  at  the  top,  gradually 
increasing  toward  the  bottom.  But  so  far  as  regards  the  united  action  of 
every  jwrtion  of  it,  in  tending  to  overthrow  the  wall,  considered  as  a  single 
mass  of  masonry,  incapable  of  being  bent  or  broken,  it  may  all  be  assumed 
to  be  applied  at  C,  which  is  one-third  of  the  vertical  depth  from  the  bottom 
in  Fig.  1,  or,  what  is  the  same  thing,  one-third  of  the 
slope  distance  from  the  bottom  in  Figs.  2  and  3. 

No  matter  how  much  water  is  in  a  dam  or  vessel, 
the  iMressure  remains  the  same,  so  long  as  the  area 
pressed  and  the  vertical  depth  of  its  center  of  gravity 
below  the  level  surface  of  the  water  remains  un- 
changed. Thus,  if  the  water  in  dam  shown  in  Fig.  1 
extended  back  1  mile,  it  would  exert  no  more  pressure 
against  the  wall  than  if  it  extended  back  only  1  ft. 

In  any  two" vessels  having  the  same  base,  and  con- 
taining the  same  depth  of  water,  no  matter  what 
quantity,  the  pressures  on  the  bases  are  equal.  Thus, 
if  Figs.  4  and  5  have  the  same  base  and  be  filled  with 
water  to  the  same  depth,  the  pressure  on  the  bases 


Fig.  4.        Fig.  5. 


will  be  equal.    This  fact,  that  the  pressure  on  a  given  surface,  at  a  given 
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depth,  la  Independent  of  the  qouitltr  of  water.  Ii  called  the 

paradox. 

Aa  the  prenuni  of  water  agalDBt  any  point  Is  at  ilKbt  anglea  to  the  nirface 
at  that  point,  It  fellows  that  props  or  other  strengthening  material  for  the 
MrengtheDlnK  of  such  atructures  as  a  iloplnK  dam,  Bhonld  Deeo  placed  as  to 
otttT  the  grealeal  resistance  tn  a  line  at  right  angles  to  the  sloiJng  sorfluie, 
and  theiie  supports  should  be  strongest  and  cloaeat  together  at  tbe  tiottom. 
rot  the  same  reaaon,  the  boops  on  a  circular  tank  should  be  strongest  and 
ekiaeat  at  the  bottom. 

Trsuirliitan  of  Pralaira  Vina^  Watar.— Water,  in  common  with  otber 

Iquldi^  poHseases  tbe  important  propertT  of  transmitting  pressure  equall;  In 

all  directions.    Thus,  Tf  a.  vesBel  is  constructed  with  two 

cylinders,  the  area  of  one  being  lU  sg.  la.,  and  that  of  the 

_,  otber  100  sq.  In.,  and  tbe  vessel  Is  filled  with  water  (Fig,  6), 

J  and  pistons  filled  to  the  cylinders,  a  pressure  of  100  lb. 

9  spiled  at  the  smaller  will  balance  1,000  Ih.  at  tbe  larger. 

9  ThiBlBthe  priQclpluof  the  hydrostatic  press.    Airandother 

^M  a..^j_  . ...  "i^gaufQ  equally  in  all  directions. 

-       .. .....a  Sarfaee  al  Jkni  Glita  Oeplh 

3  ef  Water.— For  pounds  per  square  inch,  mulUply  deptb  In 

3  feet  by  .434.    For  pounds  per  square  foot,  muluply  depth 

_^  In  feet  by  S2.G.    For  loua  per  square  foot,  multiply  depth 

no.  B.         in  feet  bj  .0279.    The  pressure  per  square  foot  at  dllfcrent 

depths  increases  directly  as  the  depths.    The  total  pi«ssuie 

against  a  plane  1  it,  wide  at  dlSbrent  depths  Increaees  as  the  square  of  the 

PBtDscaE  IH  Founds  pbb  Sq.  Pi 

A.iao  THE  Total  Pbe88Dbi;  A 

VEBTICALLY  FttOM  THB  SUBTA 


PrERINT  VERnCitL   DEFTSS,    AND 

a  PLiMB  1  FT,  Wide  Eitkhdino 
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directions.  It  la  Important  (hat  in  pipe  lines  the  pipe  should  be 
thick  to  Biii^re  strength  enough  to  redit  a  ' ' 
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practice,  the  thickness  of  cast-iron  water  pipes  of  different  hores  is  calculated 
by  Mr.  J.  T.  Fannlng's  formula,  given  in  his  Hydraulic  Engineering,  which 
is  as  follows: 


Thickness  in  inches  = 


(pressure  in  lb.  per  sq.  in.  +  100)  X  bore  in  in. 


.338(: 


.4  X  ultimate  tensile  strength 
bore  in  in.  \ 


100 


This  formula,  worked  out  for  different  heads  and  different  sizes  of  bore, 
yields  the  following  results: 

Thickness  of  Pipe  for  Different  Heads  and  Pressures. 


Head  in  Ft.. 

60 

100 

200 

300 
130 

500 

1,000 

Pressure  in  Lb. 
per  Sq.  In. 

21.7 

43.4 

86.8 

217 

434 

Bore.    Inches. 

Thickness  of  Pipe.    Inches. 

2 

^ 

.37 

.38 

.39 

.42 

.48 

3 

.37 

.38 

.40 

.42 

.45 

.54 

4 

.39 

.40 

.42 

.45 

.50 

.61 

6 

.41 

.43 

.47 

.60 

.57 

.75 

8 

.45 

.47 

.52 

.57 

.66 

.90 

10 

.47 

.50 

.56 

.62 

.74 

1.04 

12 

.49 

.53 

.60 

.67 

.82 

1.18 

16 

.55 

.60 

.70 

.79 

.98 

1.46 

18 

.57 

.63 

.74 

.85 

1.06 

1.60 

20 

.61 

.67 

.79 

.91 

1.15 

1.75 

24 

.66 

.73 

.87 

1.02 

1.30 

2.03 

80 

.74 

.83 

1.01 

1.19 

1.55 

2.46 

36 

.82 

.93 

1.15 

1.86 

1.80 

2.88 

48 

.98 

1.13 

1.42 

1.70 

2.28 

3.73 

In  the  above  table,  the  ultimate  tensile  strenc^h  of  cast  iron  is  taken  at 
18,000  lb.  per  sq.  in.  The  addition  of  100  lb.  to  the  pressure  is  made  to  allow 
for  water  ram.  The  valves  of  water  pipes  aJiould  he  closed  slowly,  and  the 
necessity  of  this  increases  as  the  pipes  increase  in  diameter.  K  this  rule  is 
not  observed,  the  momentum  of  the  running  water  is  arrested  suddenly,  and 
a  great  pressure  is  created  against  the  pipes  in  all  directions,  and  through- 
out the  entire  length  of  the  line  above  the  valve,  even  if  it  be  many  miles, 
and  there  is  danger  of  their  bursting  at  any  point.  For  this  reason,  stop- 
gates  are  shut  by  screws,  because  they  prevent  any  very  sudden  closing;  but 
In  pipes  of  large  diameters,  even  the  screws  must  be  worked  very  slowly  to 
prevent  bursting. 

Compressibility  of  Liquids.— Liquids  are  not  entirely  incompressible,  but 
they  are  so  nearly  so,  that  for  most  purposes  they  may  be  considered  as 
incompressible.  The  bulk  of  water  is  diminished  about  j^  by  a  pressure  ol 
324  lb.  per  sq.  in.,  or  22  atmospheres;  varying  slightly  with  its  temperature. 
It  is  perfectly  elastic,  regaining  its  original  bulk  when  the  pressure  is 
removed. 

Constraetion  of  Dams  in  Mines.— Bams  may  be  constructed  in  mines,  either 
to  isolate  a  portion  of  the  workings  so  that  they  can  be  flooded  to  extinguish 
fires,  or,  in  cases  where  an  extremely  wet  formation  has  been  penetrated,  it 
is  sometimes  expedient  to  construct  a  dam  so  as  to  prevent  the  water  ft-om 
flowing  into  the  workings.  Mine  dams  should  be  of  sufficient  strength  to 
resist  any  column  of  water  that  will  be  likely  to  come  against  them.  The 
dam  should  be  arched  toward  the  direction  from  which  the  pressure  comes, 
and  should  be  given  a  good  firm  bearing  in  both  walls  and  in  the  floor  and 
roof.  Fig.  7  illustrates  a  brick  dam  thcit  was  constructed  in  Kehley's  Bun 
CSolliery,  at  Shenandoah,  Pa.,  to  isolate  a  portion  of  the  seam  so  that  it  might 
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lie  flooded  la  ezUngulsh  a  mine  fire.   This  1b 

tbaC  has  ever  been  eonstnicted.    It  1b  eompoeed  of . 

having  a.  tblokneffi  of  b  fl..  tli&t  are  placed  one  against  tbe  othei  bo  th , 

act  as  one  solid  Btmcture.  Tbe  ganKwav  at  thlB  point  la  abont  2D  It.  wide, 
aod  the  dietance  to  tbe  next  upper  level  IB  aboal  119  ft.  It  was  intended 
(bat  thlB  should  be  tbe  maximum  bead  of  water  tbat  the  dams  wonld  ever 


water  leachlog:  to  the  surAice.  Tbe  sepaiate  walla  were  conKructed  one  at 
a  time,  and  the  cement  allowed  (o  Bet  befbre  tbe  next  wall  was  placed.  The 
back  wall  was  carried  to  a  greater  deptb  and  belght  than  the  othera  bo  as  to 
make  sure  of  the  ibct  that  all  slips  or  partings  bad  tieen  closed.  Tbe  total 
preasure  upon  the  dam  when  the  water  was  in  tbe  mine  was  about  70,000  lb. 

Dams  constructed  to  permit  the  flooding  of  a  mine  usually  require  no 
poBEBgea  throug-h  tbem,  but  where  dams  a—  — -• — '"'"  '"  — " —  "■- 


Pw.  7.  Fia,  & 

dams.  Fie.  8  illuetrales  a  plan  and  croBs-sectlon  of  a  dam  In  the  Cuny 
Mine,  at  Sorway,  Mich.  ("  Mines  and  Minerals,"  Vol.  18.  page  177;  Trans. 
A.  I.  M.  E.,  XXVII,  402),  constructed  to  keep  the  water  that  came  from  some 
exploring  drifts  out  nf  the  mine  workings.  As  oHeinally  constructed,  ■  it 
consisted  of  a  (andstone  dam  10  ft.  thick  and  arched  on  the  back  face 
with  a  rodluB  of  6  ft.  A  piece  of  20"  |iipe  provided  a  monway  Chiongh  the 
masonry  and  was  held  in  place  by  three  sets  of  clomps  and  Vilts  pasalt^ 
through  the  stonework.  A  S"  drain  pipe  was  also  carried  through  the  dam 
and  secured  by  clamps.  When  the  pressure  came  upon  the  dam  II  was 
tbund  to  leak,  so  the  water  was  drdned  off  and  a  22"  brick  wall  built 
2  ft.  4  in.  back  of  the  dam,  tbe  space  between  being  flUed  with  concrete,  and 
and  dralnpipeexlended  through  the  hrlckwall.  Before  oloatiu 
e,  horse  manure  was  fastened  against  the  face  of  the  brick  waU 
"[  partition.  After  this  the  manway  and  drain  pipe  wera 
le  piGBSure  came  on,  tbe  dam  was  fQund  to  l«ak  a  mimll 
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amount,  but  this  soon  practically  ceased,  showing,  that  the  manure  had 
closed  tne  leaks.  A  gause  in  the  nead  of  the  manway  on  this  dam  showed  a 
pressure  of  211  lb.,  which  corresponded  to  a  static  head  of  640  ft.  of  water. 
The  total  pressure  against  the  dam  was  something  over  800  tons,  which  it 
fluocenfhlfy  resisted. 


^ 


HYDRAULICS. 

Nydrtvliot  treats  of  liquids  in  motion,  and  in  this,  as  in  hydrostatics, 
water  is  taken  as  the  type.  In  theory  its  principles  are  the  same  as  those  of 
falling  bodies,  but  in  practice  they  are  so  modified  by  various  causes  that 
they  cannot  be  relied  on  except  as  verified  by  experiment.  The  discrepancy 
arises  from  changes  of  temperature  that  vary  the  fluidity  of  the  liquid,  fh)m 
friction,  the  shape  of  the  orifice,  etc.  As  we  shall  deal  with  water  only,  the 
first  cause  may  be  thrown  aside  as  of  little  account. 

In  theory  the  velocity  qf  a  jet  U  the  same  as  that  of  a  body  falling  from  the 
fwrfiice  of  the  water. 

To  Find  tlie  Thtoretietl  Vtlooitv  of  •  Jet  of  Wtter.— Let  v  —  the  velocity, 
a  » the  acceleration  of  gravity  (82.16  ft.),  and  d  =  the  distance  of  the  orifice 
below  the surfkceof  the  water. 

Then,  v=  \/2gd.0Tv=^  the  square  root  of  twice  the  product  of  gXd. 

Example.— The  depth  of  water  above  the  orifice  is  64  ft.;  what  is  the 
velocity  ?  

Substituting  64  for  d,  and  32.16  for  g,  we  have,  v  =>  )/2  x  32.16  X  64,  or 
64.16. 

To  Find  tlie  Tlieorttieti  Qointity  of  Wtttr  Oischirgod  in  i  Civtn  Time.— Multi- 

Sly  the  area  of  the  orifice  by  the  velocity  of  the  water,  and  that  product  by 
tie  number  of  seconds. 
Example.— What  quantity  of  water  will  be  discharged  in  5  seconds  from 
an  orifice  having  an  area  of  2  sq.  ft.,  at  a  depth  of  16  ft.? 

l/  2  X  32.16  X  16  X  2  —  64.16  cu.  ft,,  or  the  amount  discharged  in  1 
second,  and  in  5  seconds  the  amount  will  be  6  X  64.16  =  320.8  cu.  ft. 

The  above  rules  are  only  theoretical,  and  are  only  useftil  as  foundations 
on  which  to  build  practical  formulas. 

Flow  of  Witer  tlirottgh  Orifleos.— The  standard  orifice,  or  an  orifice  so 
arranged  that  the  water  in  fiowing  fh)m  it  touches  only  a  line,  as  would  be 
the  case  in  flowing  through  a  hole  in  a  very  thin  plate,  is  used  for  the 
measurement  of  water.  The  contraction  of  the  jet,  which  always  occurs 
when  water  issues  from  a  standard  orifice,  is  due  to  the  circumstance  that 
the  particles  of  water  as  they  approach  the  orifice  move  in  converging 
directions,  and  that  these  directions  continue  to  converge  for  a  short  distance 
beyond  me  plane  of  the  orifice.  This  contraction  causes  only  the  inner 
comer  of  the  orifice  to  be  touched  by  the  escaping  water,  and  takes  place 
in  orifices  of  any  shape,  its  cross-section  being  similar  to  the  orifice  until 
the  place  of  greatest  contraction  is  passed.  Owing  to  this  contraction, 
the  actual  discharge  fh)m  an  orifice  is  always  less  than  the  theoretical 
discharge. 

Tho  CoofReitnt  of  Contrtotion.— The  coefficient  of  contraction  is  the  number 
by  which  the  area  of  the  orifice  is  to  be  multiplied  in  order  to  find  the  area 
of  the  least  cross-section  of  the  jet.  In  this  way  by  experiment  this  coeffi- 
cient has  been  found  to  be  about  .62  (Merriman's  "Hydraulics");  or,  in 
other  words,  the  minimum  cross-section  of  the  jet  is  62^  of  the  cross-section 
of  tiie  orifice. 

Tlie  CoefRoient  of  Veiocity.— The  coefficient  of  velocity  is  the  number  by 
which  the  theoretical  velocity  of  flow  from  the  orifice  is  to  be  multiplied  in 
order  to  find  the  actual  velocity  at  the  least  cross-section  of  the  jet.  This 
may  be  taken  for  practical  work  as  .98;  or,  in  other  words,  the  actual  flow 
at  tne  contracted  section  is  989(  of  the  theoretical  velocity. 

Tilt  Cof fSoitnt  of  Olsclisrge.— The  coefficient  of  discharge  is  the  number  by 
which  the  theoretical  discharge  is  to  be  multiplied  in  order  to  obtain  the 
actual  discharge.  This  has  been  found  by  thousands  of  experiments  to  be 
equal  to  the  product  of  the  coefficients  of  contraction  and  velocity,  and  for 
practical  worx  it  may  be  taken  as  .61;  or,  the  actual  discharge  from  standard 
oiifiOM  is  61)(  of  the  theoretic  discharge. 
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Note.— While  the  coefficients  for  standard  orifices  with  sharp  edges  have 
been  determined  fkirly  close,  those  for  the  more  complicated  cases  of  weirs, 
and  especially  for  the  flow  of  water  through  long  pipes,  are  simply  the 
nearest  approximation  to  the  truth  that  it  has  been  pofflible  to  obtain.  In 
all  cases,  the  coefficient  should  be  one  that  has  been  aetermined  under  con- 
ditions similar  to  those  in  the  problem  in  hand.  For  instance,  it  is  not  prac- 
ticable to  use  the  coefficient  for  small  pipes  in  solving  problems  relating  to 
large  ones,  or  for  short  pipes  in  solving  problems  relanng  to  long  ones. 

Suppression  of  the  Contrsetion.~When  a  vertical  orifice  has  its  lower  edge 
at  the  Dottom  of  a  reservoir,  the  particles  of  water  flowing  through  its  lower 
portion  move  in  lines  nearly  perpendicular  to  the  plane  of  the  orifice,  and 
the  contraction  of  the  jet  does  not  form  on  the  lower  side.  The  same  thing 
occurs  in  a  lesser  degree  when  the  lower  edge  of  the  orifice  is  within  a  dis- 
tance of  three  times  its  least  diameter  from  the  bottom.  The  suppression  of 
contraction  will  occur  on  the  side  if  it  is  placed  within  a  distance  of  three 
times  its  least  diameter  from  the  side  of  a  reservoir^  the  suppression  of 
contraction  being  the  greater  the  nearer  the  orifice  is  to  the  side.  By  round- 
ing the  edge  of  the  orifice  sufficiently,  the  contraction  can  be  completely 
suppressed,  and  the  discharge  can  be  increased.  As  stated  before,  the  value 
of  tne  coefficient  of  contracuon  for  a  standard  square-edged  orifice  is  .62,  but 
with  a  rounded  orifice  it  may  have  any  value  between  .62  and  1.00,  depend- 
ing on  the  degree  of  rounding.  The  coefficient  of  discharge  for  square- 
edged  orifices  nas  a  mean  value  of  .61;  this  is  increased  with  rounded  edges 
and  may  have  any  value  between  .61  and  1.00,  although  it  is  not  probable 
that  values  greater  than  .95  can  be  obtained  except  by  the  most  carefril 
adjustment  of  the  rounded  edges  to  the  exact  curve  of  a  completely  con- 
tracted jet.  A  rounded  interior  orifice  is  therefore  always  a  source  of  error 
when  the  objedt  of  the  orifice  is  the  measurement  of  the  discharge. 


OAUOINO  WATER. 

Water  is  sold  by  two  methods;  i.  e.,  the  flowing  unit  and  the  capacity 
unit.  The  flowing  unit  is  a  cubic  foot  per  second.  In  the  western  t»rt  of 
North  America  the  miners'  inch  has  come  into  use  quite  largely,  while  in 
Australia  and  New  Zealand  the  cubic  foot  per  second  is  the  common  measure, 
1  cu.  ft.  per  second  beine  1  ♦•  head,"  and  10  heads  of  water  would  be  10  cu.  ft. 
per  second,  regardless  of  the  actual  hydrostatic  head  under  which  the  water 
was  delivered.  Water  is  sometimes  sold  for  irrigation  by  the  capacity  unit, 
that  is,  so  much  land  covered  to  a  certain  depth,  as,  for  instance,  the  "  acre- 
foot,"  which  means  that  1  acre  has  been  covered  to  a  depth  of  1  foot,  or  that 
an  amount  of  43,560  cu.  ft.  of  water  has  been  frimii^ed. 

Miners'  Inch.— The  miners'  inch  may  be  roughly  defined  as  the  quantity  of 
water  that  will  flow  in  1  minute  through  a  vertical  standard  orifice  haying  a 
section  of  1  sq.  in.  and  a  head  of  6^  in.  above  the  center  of  the  orifice.  Tnis 
quantity  equals  1.53  cu.  ft.,  and  the  mean  quantity  may  be  taken  at,  approxi- 
mately, 1.5  cu.  ft.  per  minute.  The  laws  or  customs  defining  the  miners' 
inch  in  diffferent  districts  vary  so  that  the  amount  of  water  actually  delivered 
varies  from  1.2  to  1.76  cu.  ft.  per  minute,  the  principal  reasons  for  these  varia- 
tions being  the  method  adopted  for  measuring  the  water  where  large  quan- 
tities are  used;  as,  for  instance,  at  Smartsville,  in  California,  an  opening  4  in. 
deep,  250  in.  lonsr,  with  a  head  of  7  in.  above  the  top  edge,  is  said  to  frimish 
1,000  miners*  inches,  while  it  would  actually  ftimish  considerably  over  1,000. 
In  other  places,  the  size  of  the  opening  for  measuring  the  amounts  is 
restricted,  and  may  actually  frimish  less  than  the  rated  amount.  In  Montana 
the  common  method  of  measurement  was  formerly  through  a  vertical  rect- 
angle 1  in.  high,  with  a  head  on  the  center  of  the  orifice  of  4  in.  The  num- 
ber of  miners'  inches  discharged  was  considered  to  be  the  same  as  the 
number  of  linear  inches  in  the  length  of  the  orifice;  thus,  under  the  given 
head,  an  orifice  1  in.  deep  and  60  in.  long  could  discharge  60  miners'  inches. 

The  State  Legislature  of  Montana  has  now  passed  a  law  defining  the 
miners'  inch  as  the  number  of  gallons  of  water  mscharged  in  a  given  time, 
rege^less  of  the  character  of  the  openings  or  methods  of  measurement. 
The  statement  is  as  follows:  *'  Where  water  rights,  expressed  in  miners' 
inches,  have  been  granted,  100  miners'  inches  shall  be  considered  equivalent 
to  a  flow  of  2i  cu.  fr.  (18.7  gal.)  per  second,  and  this  proportion  shall  be 
observed  in  determining  the  equivalent  flow  represented  by  any  number  of 
miners'  inches." 


MINERS'  INCH. 


If  this  amount  is  reduced  to  cubic  feet  per  minute,  it  will  be  found  to 
be  equal  to  a.  flow  of  1.5  ou.  ft.  per  minute,  which  is  the  value  given  above 
for  the  miners'  inch. 

Duty  or  Work  Perfermed  by  •  Mintrs*  Inoh  of  Wattr.~Few  tests  have  been 
made  in  regard  to  the  duty  of  a  miners'  inch  of  water,  but  the  North 
Bloomfield  mine  and  the  La  Grange  mine,  in  Califomia,  have  carried  on 
a  series  of  experiments  extending  over  several  years.  At  the  La  Grange 
mine  the  observations  were  carried  on  simultaneously  upon  several  differ- 
ent claims,  hence  parallel  dates  appear.  The  accompanjring  tables  (j^ve 
the  results  of  these  experiments.  In  general  it  is  governed  by  the  nze, 
capacity,  character  of  pavement,  and  grade  of  sluices,  together  with  the 
supply  of  water.  A  heavy  grade  will  compensate  for  a  limited  supply. 
With  an  abundant  supply  of  water  and  material,  the  capacity  of  the  sluices 
will  depend  on:  Fird,  the  character  of  the  material  wa^ed;  second,  the 
size  and  minimum  grade  of  the  sluices;  tMrd,  the  character  of  the  riffles  used. 

Duty  op  Miners*  Inch. 

{Risdon  Iron  Works,  Evanses  Elevator  CatcUogtie.) 

North  Bloomfield  Mine. 


Tears. 

1 

n 

i 

Grades. 

Cubic  Yards  Washed 
per  Miners'  Inob. 

Cubic  Feet  of  Water  Used 

per  Cubic  Feet 

of  Orarel  Moved. 

1 

1 

Remarks. 

* 

1870-74 
1875 
1876 
1877 

3,250,000 
1,858,000 
2,919,700 
2,998,930 

710,987 
386,972 
700,000 
595,000 

BH  in.  to  12  ft. 
6^iii.tol2ft. 
6H  in.  to  12  ft. 
BH  in.  to  12  ft. 

4.60 
4.80 
4.17 
8.86 

4.60 

18 
17 
20 
21 

100  ft. 
100  ft. 
200  ft. 
265  ft. 

*  Sluices  6  ft.  wide, 

32  in.  deep. 
Riffles  principally 

blocks  (wood), but 
.  rock  riffles  in  tail 

sluices. 
The  larger  portion 

Totals 

11,021,630 

2,392,959 

< — 

18 

of    the    material 
moved    was    top 
.    gravel. 

La  Grange  Mine. 


1874-76 

676,968 

624.745 

1875-76 

683,244 

876,166 

1874-76 

284,932 

207,010 

1875-78 

459,570 

302,960 

1880-81 

829,120 

203,325 

Totals 

2,483,834 

1,713,195 

4  in.  to  16  ft. 
4  in.  to  16  n. 
4  in.  to  16  ft. 
4  in.  to  16  ft. 
4  in.  to  16  ft. 


1.06 
1.82 
1.8T 
1.52 
1.67 

U.Q 

68.0 
62.0 
60.0 

10  to  48  ft. 
6ft. 
50  to  80  ft. 
40  to  50  ft. 
10  to  80  ft. 

* 

1.42 

66.0 

Sluices  4  ft.  wide 
and  30  in.  deep, 
paved  with 
blocks. 


The  right- ingled  V  notoh  is  frequently  used  for  gauging  the  flow  of  compara- 
tively small  streams.  The  notch  is  usually  fitted  into  a  box  provided  with 
baffle  boards,  Fig.  9,  or  where  this  is  not  practicable  the  water  should  be 
so  impounded  above  the  notch  as  to  remove  all  possibility  of  surface  cur- 
rents producing  a  perceptible  velocity  of  approach.  The  distance  a  of  the 
surface  of  the  water  below  the  top  of  the  box  is  taken  at  a  point  some  dis- 
tance back  fh>m  the  notch  (at  least  18  to  20  in.),  where  the  surface  of  the 
water  is  unaffected  by  the  flow  through  the  notch.  The  distance  a,  sub- 
tracted from  the  total  depth  of  the  notch  H,  gives  the  head  h  of  the  water 
passing  over  the  notch.  The  discharge  in  cubic  feet  per  second  may  be 
found  oy  the  formula  __ 

<2  =  .306/^6  =  .306AVlt. 
in  which  Q  equals  the  quantity  in  cubic  feet  per  minute  and  h  equals  the 
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head  in  inches.  The  accompanying  table  gives  the  discharge  in  cabic  feet 
per  minute  through  a  right-angied  V  notch,  as  shown  in  Fig.  9,  for  heads 
varying  fh)m  1.05  In.  to  12  in. 

TABLE  1. 

Discharge  op  Water  Through  a  Bight-Anqled  V  Notch. 


h 

Head. 
Inehet. 

Quantity 

per  Min. 

Cu.  Ft. 

h 

Head. 
Inches. 

Quantity 

per  Min. 

Cu.  Ft. 

h 

Head. 
Inches. 

Quantity 

per  Min. 

Cu.  Ft. 

h 

Head. 
Inches. 

Quantity 

per  Min. 

Cu.  Ft. 

h 

Head. 
Inches. 

Quantitj 

per  Min. 

Ou.  Ft. 

1.05 

.3457 

3.25 

5.827 

5.45 

21.22 

7.66 

49.63 

9.85 

93.18 

1.10 

.3884 

3.30 

6.054 

5.50 

21.71 

7.70 

60.34 

9.90 

94.37 

1.15 

.4340 

3.35 

6.285 

6.55 

22.20 

7.75 

61.16 

9.95 

96.56 

1.20 

.4827 

3.40 

6.523 

5.60 

22.70 

7.80 

61.99 

10.00 

96.77 

1.25 

.5345 

3.45 

6.765 

6.66 

23.22 

7.85 

62.83 

10.05 

97.98 

1.30 

.5896 

3.50 

7.012 

5.70 

23.74 

7.90 

63.67 

10.10 

99.20 

1.35 

.6480 

3.55 

7.266 

5.75 

24.26 

7.95 

64.53 

10.15 

100.43 

1.40 

.7096 

3.60 

7.524 

6.80 

24.79 

8.00 

65.39 

10.20 

101.67 

1.45 

,n4n 

3.65 

7.788 

5.85 

25.33 

8.05 

66.26 

10.25 

102.92 

1.50 

.8432 

3.70 

8.058 

5.90 

25.87 

8.10 

57.14 

10.80 

104.18 

1.55 

.9153 

3.75 

8.332 

5.95 

26.42 

8.16 

58.03 

10.35 

105.45 

1.60 

.9909 

3.80 

8.613 

6.00 

26.98 

8.20 

58.92 

10.40 

106.73 

1.65 

1.0700 

3.85 

8.899 

6.05 

27.55 

8.25 

69.82 

10.45 

108.02 

1.70 

1.1530 

3.90 

9.191 

6.10 

28.12 

8.30 

60.73 

10.50 

109.31 

1.75 

1.2400 

3.95 

9.489 

6.15 

28.70 

8.35 

61.65 

10.65 

110.62 

1.80 

1.3300 

4.00 

9.792 

6.20 

29.28 

8.40 

62.58 

10.60 

111.94 

1.85 

1.4240 

4.05 

10.100 

6.25 

29.88 

8.45 

63.51 

10.65 

113.26 

1.90 

1.5220 

4.10 

10.410 

6.30 

30.48 

8.50 

64.45 

10.70 

114.60 

1.95 

1.6250 

4.15 

10.730 

6.35 

31.09 

8.55 

65.41 

10.75 

115.94 

2.00 

1.7310 

4.20 

11.060 

6.40 

31.71 

8.60 

66.37 

10.80 

117.-29 

2.05 

1.8410 

4.25 

11.390 

6.45 

32.33 

8.65 

67.34 

10.85 

118.65 

2.10 

1.9550 

4.30 

11.730 

6.50 

32.96 

8.70 

68.32 

10.90 

120.02 

2.15 

2.0740 

4.35 

12.070 

6.55 

83.60 

8.75 

69.30 

10.95 

121.41 

2.20 

2.1960 

4.40 

12.420 

6.60 

34.24 

8.80 

70.30 

11.00 

122.81 

2.25 

2.3230 

4.45 

12.780 

6.65 

34.89 

8.85 

71.30 

11.05 

124.-21 

2.30 

2.4550 

4.50 

13.140 

6.70 

35.56 

8.90 

72.31 

11.10 

125.61 

2.35 

2.5900 

4.55 

13.510 

6.75 

86.23 

8.95 

73.33 

11.15 

127.03 

2.40 

2.7300 

4.60 

13.890 

6.80 

86.89 

9.00 

74.36 

11.20 

128.45 

2.45 

2.8750 

4.65 

14.270 

6.85 

37.58 

9.05 

75.40 

11.25 

129.90 

2.50 

3.0240 

4.70 

14.650 

6.90 

38.27 

9.10 

76.44 

11.30 

131.35 

2.56 

3.1770 

4.75 

15.040 

6.95 

38.96 

9.16 

77.49 

11.85 

132.81 

2.60 

3.3350 

4.80 

15.440 

7.00 

39.67 

9.20 

78.56 

11.40 

184.27 

2.65 

3.4980 

4.85 

15.850 

7.05 

40.38 

9.-25 

79.63 

11.45 

185.76 

2.70 

3.6660 

4.90 

16.260 

7.10 

41.10 

9.30 

80.71 

11.50 

187.23 

2.75 

3.8380 

4.95 

16.680 

7.15 

41.83 

9.35 

81.80 

11.55 

138.73 

2.80 

4.0140 

5.00 

17.110 

7.20 

42.56 

9.40 

82.90 

11.60 

140.23 

2.85 

4.1960 

5.05 

17.540 

7.25 

43.30 

9.45 

84.01 

11.65 

141.75 

2.90 

4.3820 

5.10 

17.970 

7.30 

44.06 

9.50 

85.12 

11.70 

143.28 

2.95 

4.5740 

5.15 

18.420 

7.35 

44.82 

9.55 

86.24 

11.75 

144.82 

3.00 

4.7700 

5.20 

18.870 

7.40 

45.58 

9.60 

87.37 

11.80 

146  86 

3.05 

4.9710 

6.25 

19.320 

7.46 

46.36 

9.65 

88.52 

11.85 

147.91 

3.10 

5.1780 

5.30 

19.790 

7.50 

47.14 

9.70 

89.67 

11.90 

149.48 

3.15 

5.3880 

6.36 

20.260 

7.55 

47.92 

9.75 

90.83 

11.95 

151.05 

3.20 

5.6050 

5.40 

20.730 

7.60 

48.72 

9.80 

92.00 

12.00 

152.64 

1  cu.  ft.  contains  7.48  U.  S.  gallons;  1  U.  S.  gallon  weighs  a34  lb.      ^ 

Gauging  by  Weirs.— A  weir  is  an  obstruction  placed  across  a  stream  for  the 
purpose  of  diverging  the  water  so  as  to  make  it  flow  tlirough  a  desired  chan- 
nel, which  may  be  a  notch  or  opening  in  the  weir  itself.  The  term  usually 
applies  to  rectangular  notches  in  which  the  water  touches  only  the  bottom 
and  ends,  the  opening  being  a  notch  without  any  upper  edge.  Weirs  are  of 
two  general  classes:  wdrt  wUh  end  CQfUracti4m8,  Fig.  10  (a),  and  wdrt  without 
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endcmlraeliom,  Fig.  I 

of  water  if  producing  Hi 

■r  the  crest.    The 
T  ifaould 
De  moDonien,  or  ii  ib  hOB  Any 
peicepUble    cuireot     lowud 

the  well,  thlBabould  be  deter- 
mined and  taken  Into  account 
In  the  ranoula.  Fig.  11  illDB- 
trues  a  weir  conitnicicd  acrou 
a  miall  stream  for  i 

itaflow.    Theheadla 

from  the  etake  E  some  dlitai. 
hack  of  the  weir,  the  lop  ol 
",    The  discharge   """ 


crest  to  avoid  the  eSicU 


_>.  jf  the  weir  with  end  et 

a,  Fig.  10  (c}  and  {d).    The  head 
relr^ould  ^- '  ~ 


!T  the  weir  would  be  meaiured  al 


e  in  cubic  feet  p< 

_  .4  cubic  feet  pcrs 

.rBCUoni  and  a  velocity  of  approach,  (he  i 


di»char)[e  U  

«-6.84T*(|/(H  +  l.*(kr 
»here   the   water   has   no 
velocity  of  approach, 

Q  =  6,34fcJi/if*'. 
For  weirs  without  end  cini- 
traotlona.  but  with  a  velocity 
of  approach,  the  actual   dig- 
Eharge  Is  ' 

Q  -  6.84Tti/(H+|A)'. 
-  Where  the  water  has  no 

-^      velocity  of  approach, 
^^  Q  =^  b.St! el  Y H'. 

The   velocity   with   which 

he  water  approaches  the  weir 

may  be  found  by  determining 

the  approilmale  d'-"**-'-'--^ 

■.ly  of  approacli 


Itom  (he  etream  n    ho  t  any  allowance  for  velocl»  of  approach,  am 
dividing  this  discharge  in  cubic  feet  per  second  by  the  area  of  the  stn 

square  feet  where  " •—  *■-'  — '-   --■'-'-'-  ■-'"  -•—  •>• '"■ 

approach  In  feet 


:t  where  it  approaches  tt 


which  will  give  the  velocity  o 


u  luc  value  ofv, 
sgulvalent  head  A 
be  (bund  by  the 


Is  usually  neg- 
■y  i»  required. 


are  given  In  Table  II, 
coetGclentB  in  Tables  u  and  Uf 
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in  measuring  water  where  only  a  close  approximation  is  required,  it  is 
desired  to  talEe  all  of  the  measurement  in  feet  and  inches.    See  Table  IV. 


TABLK  II. 

Values  of  the  Coefficient  of  Discharge  for  Weirs  With 

End  Contractions. 


Length  of  Weir 

.    Feet. 

Eflfectlve  Head. 

• 

Feet. 

.66 

1 

2 

3 

6 

10 

19 

.10 

.632 

.639 

.646 

.652 

.663 

.655 

.656 

.16 

.619 

.626 

.634 

.638 

.640 

.641 

.642 

.20 

.611 

.618 

.626 

.630 

.631 

.633 

.634 

.26 

.606 

.612 

.621 

.624 

.626 

.628 

.629 

.80 

.601 

.608 

.616 

.619 

.621 

.624 

.626 

.40 

.595 

.601 

.609 

.613 

.615 

.618 

.620 

.50 

.690 

.696 

.606 

.608 

.611 

.616 

.617 

.60 

.687 

.693 

.601 

.605 

.608 

.613 

.616 

.70 

.690 

.698 

.603 

.606 

.612 

.614 

.80 

.696 

.600 

.604 

.611 

.613 

.90 

.692 

.698 

.603 

.609 

.612 

1.00 

.690 

.596 

.601 

.608 

.611 

1.20 

.685 

.691 

.597 

.605 

.610 

1.40 

.   .680 

.687 

.594 

.602 

.609 

1.60       ^ 

.582 

.691 

.600 

.607 

TABLK  III. 

Values  of  the  Coefficient  of  Discharge  for  Weirs  Without 

End  Contractions. 


Length  of  Weii 

.    Feet. 

Effective  Head. 

Feet. 

19 

10 

7 

5 

4 

3 

2 

.10 

.657 

.658 

.668 

.659 

.16 

.643 

.644 

.646 

.646 

.647 

.649 

.652 

.20 

.636 

.637 

.637 

.638 

.641 

.642 

.646 

.25 

.630 

.632 

.633 

.634 

.636 

.638 

.641 

.30 

.626 

.628 

.629 

.631 

.633 

.636 

.639 

.40 

.621 

.623 

.625 

.628 

.630 

.633 

.636 

.60 

.619 

.621 

.624 

.627 

.630 

.633 

.637 

.60 

.618 

.620 

.623 

.627 

.630 

.634 

.638 

.70 

.618 

.620 

.624 

.628 

.631 

.635 

.640 

.80 

.618 

.621 

.625 

.629 

.633 

.637 

.643 

.90 

.619 

.622 

.627 

.631 

.635 

.639 

.645 

1.00 

.619 

.624 

.628 

.633 

.637 

.641 

.648 

1.20 

.620 

.626 

.632 

.636 

.641 

.646 

1.40 

.622 

.629 

.634 

.640 

.644 

1.60 

.623 

.631 

.637 

.642 

.647 
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TABLK    IV. 

Wbib  Table  GiviNa  Cubic  Feet  Discharged  per  Mintttb  for  Each  Inch 
IN  Length  of  Weir  fob  Depths  From  i  In.  to  25  In. 

This  table  should  not  be  used  unless  the  length  of  the  crest  is  at  least 
8  or  4  times  the  depth  of  water  passing  over  the  weir,  fbr  if  this  is  not  the 
case,  there  will  be  serious  errors  caused  by  end  contractions. 


Inches. 

0 

* 

J 

1 

i 

1 

1 

1 

0 

.01 

.05 

.09 

.14 

.20 

.26 

.88 

1 

.40 

.47 

.55 

.65 

.74 

.83 

.93 

1.06 

2 

1.14 

1.24 

1.86 

1.47 

1.59 

1.71 

1.83 

1.96 

8 

2.09 

2.23 

2.36 

2.60 

2.68 

2.78 

2.92 

8.07 

4 

3.22 

8.37 

3.52 

8.68 

8.83 

8.99 

4.16 

4.32 

5 

4.50 

4.67 

4.84 

5.01 

5.18 

5.36 

5.54 

5.72 

6 

5.90 

6.09 

6.28 

6.47 

6.65 

6.85 

7.05 

7.25 

7 

7.44 

7.64 

7.84 

8.05 

8.25 

8.45 

8.66 

8.86 

8 

9.10 

9.31 

9.52 

9.74 

9.96 

10.18 

10.40 

10.62 

9 

10.86 

11.08 

11.31 

11.54 

11.77 

12.00 

12.23 

12.47 

10 

12.71 

13.95 

13.19 

18.43 

13.67 

13.98 

14.16 

14.42 

11 

14.67 

14.92 

15.18 

15.43 

15.67 

15.96 

16.20 

16.46 

12 

16.73 

16.99 

17.26 

17.52 

17.78 

18.05 

18.32 

18.58 

13 

18.87 

19.14 

19.42 

19.69 

19.97 

20.24 

20.52 

20.80 

14 

21.09 

21.37 

21.65 

21.94 

22.22 

22.51 

22.79 

23.06 

15 

23.38 

23.67 

23.97 

24.26 

24.56 

24.86 

25.16 

25.46 

16 

26.76 

26.06 

26.36 

26.66 

26.97 

27.27 

27.68 

27.89 

17 

28.20 

28.51 

28.82 

29.14 

29.45 

29.76 

30.08 

30.39 

18 

80.70 

81.02 

31.34 

31.66 

31.98 

32.31 

82.63 

32.96 

19 

33.29 

33.61 

33.94 

34.27 

34.60 

34.94 

35.27 

35.60 

20 

85.94 

36.27 

36.60 

36.94 

37.28 

37.62 

37.96 

38.31 

21 

88.65 

39.00 

39.34 

39.69 

40.04 

40.39 

40.73 

41.09 

22 

41.43 

41.78 

42.18 

42.49 

42.84 

43.20 

43.56 

43.92 

23 

44.28 

44.64 

45.00 

45.38 

45.71 

46.08 

46.43 

46.81 

24 

47.18 

47.55 

47.91 

48.28 

48.65 

49.02 

49.39 

49.76 

CONVERSION    PAOTORS. 

Cable  Ftet  Into  Gallons: 

1  cu.  ft.  =  1,728  cu.  in. 

Gallons  Into  Cubic  Ftet: 


1.728 
231 


gaL  »  7.4806194  gaL 


1  United  States  liquid  gal.  =  231  cu.  in. 

Foot  per  Second  Into  Miles  per  Houn 

1  ft.  per  sec.  =  3,600  ft.  per  hr. 

Miles  per  Hour  Into  Feet  per  Second: 

1  mi.  per  hr.  =  5,280  ft.  per  hr. 


231 
1,728 


cu.  ft.  =  .133680555  cu.  ft. 


8,600       15     ,,  , 

5r280*''''22'^^^P^'^'^* 

5,280       22  ^ 

3^,  or  ^  ft.  per  sec. 


Second-Feet  per  Day  Into  Gallons: 
Isecond-foot,  or  7.4805194  gal.  per  sec.  for  1  day.  or  86,400  sec.  =  646,316.87616  gaL 

Millions  of  Gallons  Into  Second-Feet  per  Day:] 

OQ1   IW\  AAA 

1,000,000  gal.  per  24  hr.  =  f  728  X  86~4d0  ^^'  ^'  l^^^-»  or  1.5472286  second-feet. 


Seoond'Feet  per  Day  Into  Acre-Feet: 
1  second-foot  flow  for  1  day  =  86,400  cu.  ft. 

6.A 


86,400 
43,560 


,  or  1.963471  acre-feet. 
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Aert-Feet  Into  Steond-Ft«t  Flow  for  24  Hovro: 

One  acre-foot  each  24  hr.  =  43,560  cu.  ft.  each  86,400  sec. 
43,560        121  ^  -^  *  a       ,     c^jv. 

"^  Rfi^oo'  ^^  240  second-fbot  flow  for  24  hr. 

Aert-Foet  Into  Collono: 

^    *        -.o  T,^^        ^        43,560  X  1,728        75,271,680        ^-  „^,  ^^      , 
1  acre-foot  =  43,660  cu.  ft.  =  — ^ — ^-^ — ,  or     '      ' — ,  or  325,851.428  gal. 

Millions  of  Collona  Into  Aort-Fttt: 
1,000,000  United  States  liquid  gal.,  or  231,000,000  cu.  in.  =-  133,680.555  cu.  ft., 

or  ~^-  =  3.0688832  acre-feet 

43,0dU 

Stcond-Fttt  Into  Minute  Collons: 

Factobs:  1  cu.  ft.  contains  1,728  cu.  in.;  1  gal.  has  a  capacity  of  231  cu.  in.; 
1  second-foot  equals  [(1,728  -*-  231)  X  60]  gal.  per  min.,  or  448.831164  minute- 
gallons. 

Minnte-Gtllons  Into  Stcond-Feet 

FAcroRs:  1  gal.  contains  231  cu.  in.;  1  cu.  ft.  contains  1,728  cu.  In.;  1  gal. 
per  min.  equals  [(231  -i- 1,728)  -s-  60]  second-feet,  or  .0022280092  second-foot. 


PLOW  OP  WATER  IN  OPEN  CHANNELS. 

Ditches.— In  the  case  of  hydraulic  mining  and  irrigation,  water  is  usually 
conveyed  through  ditches.  Theditch  line  should  be  carefhlly  suryeyed  and 
all  brush  and  trees  removed,  and  the  underbrush  cut  away  and  burned, 
before  beginning  to  excavate  the  ditch. 

The  following  letters  will  be  used  in  the  formulas  for  determining  the 
various  factors  relatine  to  ditches: 

h  =  difference  in  level  between  ends  of  canal  or  ditch,  or  between  two 

E Dints  under  consideration; 
orizontal  length  of  portion  of  canal  or  ditch  under  consideration; 

8  s=>  slope  =  ratio  j  =  sin  of  slope; 

a  =  area  of  water  cross-section  in  square  feet; 

p  =  wet  perimeter  =  portion  of  outline  of  cross-section  of  stream  in 
contact  with  channel,  in  feet; 

r  =  hydraulic  radius,  or  hydraulic  mean  depth  »  ratio  -; 

</  =  coefficient,  depending  on  nature  of  surface  of  the  ditch; 

c  =  coefficient  depending  on  nature  of  surface  of  ditch,  as  determined  by 
Kutter's  formula; 

V  =  mean  velocity  of  flow  in  feet  per  second; 

iK  =  surface  velocity  of  a  stream; 

t>4  =  bottom  velocity  of  a  stream; 

X  =  bottom  or  one  side  of  a  section,  the  form  of  which  Is  half  a  regular 
hexagon,  in  feet; 

Q  =  quantity  of  water  flowing,  in  cubic  feet  per  second; 

n  =  coefficient  of  roughness  in  Kutter's  formula. 

The  form  of  ditch  and  its  grade  will  depend  largely  on  the  amount  of 
water  to  be  conveyed  and  the  character  of  the  soil  in  the  section  under 
consideration.  As  a  general  rule,  the  average  flow  of  water  in  a  ditch 
should  not  be  less  than  2  ft.  per  second,  and  under  most  circumstances 
should  not  exceed  4  ft.,  though  in  rare  cases  where  the  formation  is  suitable, 
mean  velocities  of  5  ft.  per  second  are  employed.  Sand  will  deposit  from  a 
current  flowing  at  ihe  rate  of  li  ft.  per  second,  and  if  the  current  does  not 
have  a  velocity  of  at  least  2  ft.  per  second,  vegetation  is  liable  to  block  the 
ditch  Une. 

Sife  Bottom  Voloeity.— The  bottom  velocity  of  a  stream  may  be  obt^ed 

from  the  average  velocity  by  the  following  formula:  vj  =  t>  —  10.87  x^ra. 

The  following  table  gives  values  of  safe  bottom  and  mean  velocities,  oor- 
esponding  with  certain  materials,  as  given  by  Qanguillet  and  Kutter: 
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Material  of  Channel. 

Safe  Bottom  Velocitvvft. 
Feet  per  Second. 

Mean  Velocity  v. 
Feet  per  Second. 

Soft  brown  earth 

.249 
.499 
1.000 
1.998 
2.999 
4.008 
4.yoo 
6.006 
10.009 

.828 

Soft  loam   ,  r, 

.666 

Sand 

Gravel 

Pebbles  

Broken  stone,  flint 

Congrlomerate,  soft  slate 

Stratified  rock 

1.312 
2.625 
3.938 
6.579 
6.564 
8.204 

Hard  rock 

18.127 

RMisUnot  of  Soils  to  Eroalon  by  Water.— W.  A.  Burr,  *<  Engineering  News." 
Februarr  8, 1894,  gives  a  diagram  showing  the  resistance  of  various  soils  to 
erosion  by  water.  The  following  values  have  been  selected  fh)m  Mr.  Burr's 
work  for  different  kinds  of  soil: 

Pure  sand  resists  erosion  by  flow  of 1.10  ft.  per  sec. 

Sandy  soil,  ISjf  clay 1.20  ft.  per  sec. 

Sandy  loam,  40i  clay 1.80  ft.  per  sec. 

Loamy  soil,  65j(  clay 3.00  ft.  per  sec. 

day  loam,  85)(  clay 4.80  ft.  per  sec. 

Agricultural  clay,  96)<  clay 6.20  ft.  per  sec. 

Clay  7.35  ft.  per  sec. 

Carrying  Captclty  of  Ditohea.— Ditches  should  never  be  run  f\ill,  but  should 
be  constructed  lai^e  enough  so  that  they  will  carry  the  desired  amount  of 
water  when  ftom  I  to  (  tmi.  For  any  given  cross-section,  the  greatest  flow 
will  be  attained  when  the  hydraulic  radius  or  hydraulic  mean  depth  is  equal 
to  one-half  of  the  actual  depth  of  the  channel.  The  cross-section  of  a  ditch 
or  conduit  that  has  the  greatest  possible  carrying  capacity  is  a  half  circle, 
and  the  nearest  practical  approach  to  this  is  a  naif  hexagon.  Knowing 
Uie  cross-section  of  a  ditch,  its  dimensions  may  be  found  by  the  formula: 

V"2o", 
2.598* 

As  the  obtuse  angle  between  the  side  and  bottom  of  the  ditch  is  120°,  the 
form  can  be  easily  laid  off.  The  carrying  capacity  of  ditches  generally 
increases  after  they  have  been  In  use  some  time,  as  the  ditch  becomes  lined 
with  a  flne  scum  that  closes  the  pores  in  the  soil  and  prevents  leakage.  This 
may  increase  the  amount  to  as  much  as  10^. 

Gradt.— The  grade  of  the  ditch  must  be  sufficient  to  create  the  desired 
velocity  of  flow,  and  depends  largely  on  the  character  of  the  material  com- 
posing the  surmces  of  the  ditch.  If  the  surfeice  is  smooth,  as,  for  instance, 
where  the  ditch  is  cut  through  clay  or  is  lined  with  masonry,  the  grade  can 
be  considerably  less  than  where  the  surface  is  rough,  or  when  cut  through 
coarse  gravel  or  when  lined  with  rough  stone.  In  mountainous  countries, 
where  the  ground  is  hard,  deep  narrow  ditches  with  steep  grades  are  gener- 
ally preferred  to  larger  channels  with  gentle  slopes,  as  the  cost  of  excavation 
is  considerably  less;  but  steep  grades  and  narrow  ditches  are  suitable  only 
when  the  banks  can  resist  the  rapid  flow.  In  California,  grades  of  fh>m  16  to 
20  ft.  per  mile  are  used,  and  10  ft.  per  mile  is  quite  common.  Water  channels 
of  a  uniform  cross-section  should  have  a  uniform  grade,  otherwise,  the  flow 
will  be  checked  in  places,  which  will  result  in  deposits  of  sand  or  silt  in 
some  portions  of  the  ditch,  which  are  liable  to  cause  the  banks  to  be  over- 
flowed and  the  ditch  to  be  ultimately  destroyed.  In  desi&rning  any  given 
ditch,  the  grade  is  generally  assumed  to  correspond  to  the  lormation  of  the 
country  and  the  velocity  flgured  trojn  the  grade.  In  case  v  is  found  to  be  so 
great  tnat  it  would  cut  the  banks,  it  will  be  necessary  either  to  reduce  the 
grade  or  to  change  the  form  of  the  ditch  so  as  to  reduce  the  velocity. 

Dltob  banks,  when  possible,  should  be  composed  of  solid  material,  but 
flrequently  it  Is  necessary  to  use  excavated  material.  Where  this  is  the  case, 
care  must  be  taken  to  see  that  the  material  is  so  placed  as  to  avoid  settling 
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and  cracking  as  much  as  possible.  All  stamps,  roots,  etc.  should  be  separated 
fVom  the  material  to  be  used  for  embankments.  If  artificial  banks  are  neces- 
sary, it  is  best  to  build  them  of  masonry,  provided  the  expense  is  not  too 
sn'eat;  or,  the  water  may  be  carried  across  depressions  in  pipes  or  flumes. 
When  the  character  of  the  material  through  which  the  ditch  is  constructed 
is  not  sufficiently  firm  to  resist  the  desired  current  velocity,  it  becomes  neces- 
sary to  line  the  ditch.  In  some  locations  the  ditches  are  simply  smoothed 
on  the  inside  and  lined  with  Arom  |  in.  to  1  in.  of  cement  mortar,  made  up 
of  Portland  cement  and  sharp  sand.  In  other  cases  they  are  lined  with  dry 
stonework  laid  up  in  order  and  carefUUy  bonded  together.  Sometimes  the 
stonework  is  pointed  with  cement  or  mortar  on  the  inside,  so  as  to  present  a 
more  uniform  surface  to  the  flow.  In  other  cases,  the  sides  are  simply 
revetted  with  stone. 

Mutnce  of  Otptb  on  Ditch.— The  depth  ofthe  flow  in  a  ditch  has  consider- 
able influence  on  the  scouring  or  eroding  of  the  bottom  and  the  banks, 
owing  to  the  fact  that  a  much  greater  average  velocity  ,can  be  attained  in  a 
deep  stream  than  in  a  shallow  stream,  without  causing  an  excessive  velocity 
of  tne  water  in  contact  with  the  wet  perimeter.  For  this  reason,  in  cases 
where  banks  will  stand  it,  it  is  best  to  use  narrow  deep  ditches -rather  than 
wide  fiat  ditches,  though  each  location  has  to  be  treated  in  accordance  with 
its  own  special  conditions,  and  no  general  rule  can  be  laid  down. 

Motsoring  the  Flow  of  Water  In  Chonnels.— The  laws  for  the  resistance  to  the 
flow  may  be  expressed  by  the  relation  (see  page  142  for  signiflcance  of  letters) : 


ha  =  &lpifl]  or,  t>  =  -y|A.  x|  =  ^lx8Xr. 

If  c  =  -xj-p*  the  formula  becomes  v  =  c  \^~rJ. 

The  coefficient  c  is  usually  found  by  means  of  Kutter's  formula,  one  form 
of  which  is  as  follows: 

23  +  i  +  :501^ 
n  a 


.5621  +  (23  +  ■^^)  -yl 

The  values  for  n,  the  coefficient  of  roughness,  under  various  conditions, 
are  as  follows: 


Character  of  Channel. 


Clean,  well-planed  timber 

Clean,  smooth,  elazed  iron,  and  stoneware  pipes 

Masonry,  smoothly  plastered  with  cement,  and  for  very  clean, 
smootn,  cast-iron  pipe 

Unplaned  timber,  ordinary  cast-iron  pipe,  and  selected  pipe 
sewers,  well  laid  and  thoroughly  flushed 

Rough  iron  pipes  and  ordinary  sewer  pipes,  laid  under  the 
usual  conditions 

Dressed  masonry  and  well-laid  brickwork  

Good  rubble  masonry  and  ordinary  rough  or  fouled  brickwork 

Coarse  rubble  masonry  and  flrm,  compact  gravel 

Well-made  earth  canals  in  good  alinement 

Rivers  and  canals  in  moderately  good  order  and  perfectly  free 
from  stones  and  weeds 

Rivers  and  canals  in  rather  bad  condition  and  somewhat 
otMBtructed  by  stones  and  weeds 

Rivers  and  canals  in  bad  condition,  overgrown  with  vegeta- 
tion and  strewn  with  stones  and  other  detritus,  according  to 
condition 


Value  of  n. 


.009 
.010 

.011 

.012 

.013 
.015 
.017 
.020 
.0225 

.02S 

.030 

.085  to  .060 
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As  it  is  quite  diiBonlt  to  obtain  the  Talne  of  e  by  Ratter's  fonanla,  the  fol- 
lowing three  approximate  formulas  for  v  are  given: 

_  ■,       ij.,        ^,        ,      ,  /lOO,OOOr*« 

For  canals  with  earthen  banks,  v  =  -x  ---  —r-w,,-' 

\  9r  +  35 

If  the  ditch  is  lined  with  dry  stonework,    t;  =  a/ -?^'^^^* 


1 


IftheditchisUnedwithrubblemasonry.  r-  ^  ^-^- 


100.000  t<s 
+  6' 


To  find  the  quantity  Q  of  water  flowing  through  any  channel  in  a  given 
time,  multiply  the  velocity  by  the  area,  or  Q  =  a  r. 

Flow  in  Brooks  and  Rivers.— When  a  stream  is  so  large  that  it  becomes 
impracticable  to  employ  a  weir  for  measuring  its  flow,  fsdrly  accurate 
results  may  be  arrived  at  by  determining  the  velocity  of  the  current  at 
various  points  in  a  careftilly  surveyed  cross-section  of  the  stream,  thus 
determining  both  v  and  a.  The  greatest  velocity  of  current  occurs  at  a  point 
some  distance  below  the  surface,  in  the  deepest  part  of  the  channel.  When 
determining  the  current  velocities  in  the  different  portions  of  a  stream,  it  is 
firequently  advantageous  to  divide  the  stream  into  divisions.  This  may  be 
accomplished  by  stretching  a  wire  across  and  tying  strings  or  rags  about  the 
wire  ac  various  points.  The  mean  velocity  of  the  current  between  these 
points  can  be  determined  by  current  meters,  or  by  floats.  The  points  for 
observation  should  be  chosen  where  the  channel  is  comparatively  straight 
and  the  current  uniform.  SurfiBLce  floats  may  be  used,  in  which  case  the 
mean  velocity  of  the  point  where  the  float  is  used  may  be  found  as  follows: 
If  t/  equals  the  observed  velocity,  then  the  mean  velocity  will  be  v  =  .9 1/. 

By  taking  observations  of  the  velocity  of  the  current  in  each  section  of 
a  stream,  the  amount  of  water  flowing  may  be  determined  for  each  separate 
section.  The  total  amount  of  water  flowing  in  the  stream  will  be  the  sum 
of  the  amounts  in  each  section.  The  average  velocity  of  the  entire  stream 
may  be  found  by  dividing  the  total  amount  of  water  flowing  by  total  area  of 
the  cross-section  of  the  stream.  The  correction  necessary  to  reduce  sur&ce 
velocity  to  mean  velocity  may  be  made  as  follows:  Measure  off  ^  of  the 
ordinary  distance,  and  figure  the  time  as  though  for  the  foil  distance.  For 
instance,  if  only  90  ft.  were  employed,  the  time  would  be  taken  and  the 
problem  figurea  as  though  it  were  100  ft.,  on  account  of  the  fact  that  the 
mean  velocity  is  only  ^  of  the  surface  velocity. 


PLUMES. 


Flumes  are  used  for  conveying  water  when  a  ditch  line  would  be 
abnormally  long,  or  .when  the  matenal  to  be  excavated  is  very  hard.  They 
may  be  constructed  of  timber  or  of  metal,  but  metal  flumes  are  comnara- 
tively  rare,  as  piping  can  be  used  instead.  The  line  of  the  proposed  nume 
should  be  caremlly  cleared  of  all  standing  timber,  and  the  brush  burned  for 
at  least  20  ft.  each  side  of  the  flume  line  to  prevent  danger  from  fire.  The 
life  of  an  ordinary  flume,  which  is  supported  on  or  constructed  of  timber,  is 
always  short,  varying,  as  a  rule,  from  10  to  20  years,  dependincr  on  whether 
the  flume  is  allowed  to  run  dry  a  portion  of  the  year  or  is  always  foil  of 
water,  the  care  with  which  it  was  originally  constructed,  and  the  attention 
paid  to  repairs. 

Grade  of  Flumes.— Flumes  are  usually  set  on  a  much  steeper  grade  than  is 
possible  in  ditches,  the  grade  frequently  being  as  much  as  25  to  30  ft.  per 
mile,  and  in  special  cases  even  more.  The  result  of  this  is  that  the  canying 
capacity  of  flumes  is  much  greater  than  that  of  ditches  of  the  same  size. 

The  form  of  flume  depends  largely  on  the  material  of  which  it  is  constructed. 
Metal  flumes  may  have  a  semicircular  form,  while  wooden  flumes  are  either 
rectangular  or  V-shaped.  The  former  is  used  almost  exclusively  for  con- 
veying water,  and  the  latter  quite  extensively  for  fluming  timber  or 
cord  wood  fh)m  the  mountains  to  the  shipping  point  in  the  valley. 

Timber  flumes  should  be  so  constructed  that  the  water  will  meet  with  but 
small  resistance,  and  the  bottom  and  side  should  be  enclosed  in  a  frame  of 
timbers  so  braced  or  secured  that  there  is  no  possible  chance  of  the  sides 
spreading  or  lifting  from  the  bottom,  and  thus  cause  leakage.  As  a  rule,  all 
mortised  and  tenoned  joints  should  be  avoided  in  flume  construction. 
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Pig.  12. 


Fig.  13. 


Fig.  12  shows  a  timber  flume  in  which  no  joints  are  cut,  the  bottoms  of  the 
posts  being  kept  in  place  by  stringers  spiKed  on  the  sills,  and  the  tops  tied 
together  by  pieces  bolted  on.  Fisr.  13  shows  a  construction  in  which  the  posts 
are  let  into  the  sills  and  supported  by  diagonal  braces.  The  ties  across  the  top 
of  the  posts  are  also  notched  to  receive  the  upper  ends  of  the  posts.    As  a 

rule,  in  such  a  construction 
these  ties  are  only  placed  on 
every  third  or  fourth  frame, 
the  diagonal  braces  being 
depended  on  to  hold  the 
other  posts  in  place.  The 
joints  between  the  planking 
may  be  battened  on  the  in- 
side with  strips  of  i"  lumber, 
4  or  5  in.  wide,  or  the  ed£^ 
of  the  planking  may  oe 
dressed  and  painted  before 
they  are  put  together,  so  as 
to  form  a  tight  foint. 

Connection  With  Oitohet. 
Where  flumes  connect  wiUi 
ditches  or  dams,  the  posts 
for  several  boxes  should  be  made  longer,  so  that  they  may  receive  another 
sideboard  to  prevent  the  water  from  splashing  over  the  sides.  The  flume 
should  also  be  widened  out  or  flared,  both  at  its  entry  and  discharge  ends. 
Where  the  flume  passes  through  a  bank  of  earth,  an  outer  siding  may  be 
nailed  on  the  outade  of  the  posts,  to  jprotect  the  flume  from  rotting. 

Trestles.— Where  flumes  are  earned  on  trestles,  the  individual  frames 
supporting  the  flume  are  usually  placed  on  heavy  stringers,  which  in  turn 
are  supported  upon  trestle  bents  from  12  to  16  ft.  apart,  the  frames  sui^)orting 
the  flume  being  placed  about  4  ft.  apart. 

Cunres.— Where  flumes  are  laid  around  curves,  the  outer  edge  of  the  flume 
should  be  elevated  so  as  to  prevent  splashing  and  to  cause  the  flowing  water 
to  have  a  uniform  depth  across  the  width  of  the  flume.  It  is  impossible  to 
give  anv  definite  rule  as  to  the  amount  that  the  outer  edge  of  the  flume 
should  be  raised,  but  this  is  usually  accomplished  by  Judgmg  the  amount 
when  the  flume  is  first  constructed,  and  correcting  this  oy  wedging  up  after 
the  water  is  flowing.  The  individual  boxes  of  the  flume  may  have  to  be 
cut  into  2  or  3  portions  on  curves,  and  at  times  the  side  planks  are  sawed 
partially  through,  so  as  to  enable  them  to  be  bent  to  the  d«dred  curve. 

Wssta  gates  should  be  placed  every  half  mile,  to  empty  the  flume  for 
re^rs,  or  in  case  of  accident.  They  are  also  useftil  for  flushing  snow  out  of 
a  flume.  In  snow  regions,  flumes  are  frequently  protected  by  sheds  over 
their  exposed  portions. 

Flow  of  Water  Through  Flames.— As  smooth  wooden  surfaces  offer  consider- 
ably less  resistance  to  the  flow  of  water  than  earth  or  stone  canals,  the 
coefficients  must  necessarily  be  somewhat  reduced,  and  the  following 
formula  is  usefUl  in  giving  the  flow  of  water  through  flumes: 


/Too. 

\6.6i 


000  r«« 


r  -f  0.46 

That  flumes  may  have  their  ftill  carrying  capacity,  they  have  to  be  of 
sufficient  length  to  get  the  water  in  motion,  or,  as  it  is  technically  expreased, 
"  to  put  the  water  In  train."  It  is  largely  on  this  account  that  flumes  have 
to  be  made  of  a  larger  crossHsection  at  both  the  entrance  and  the  exit.  In 
cold  countries  it  may  be  best  to  construct  the  flume  narrower  tiban  it  is  deep, 
as  in  cold  weather  the  ice  in  the  narrow  flume  freezes  a  crust  entirely  across 
the  surface,  thus  protecting  the  water  from  fUrther  action  of  the  elements 
and  frequently  prolonging  the  flow  through  the  flume  for  sevoral  weeksL 
while  wide  shallow  flumes  will  not  freeze  on  the  surface  so  quickly,  but  will 
freeze  in  from  the  bottom  and  sides  until  they  are  practically  a  soud  mass  of 
ice.  When  a  flume  is  laid  on  the  ground  along  a  bank,  it  should  be  laid  as 
close  to  the  bank  as  possible,  so  as  to  protect  it  from  snow  or  landslides,  and 
so  that  in  the  winter  the  snow  will  drift  in  under  and  behind  it,  thus 

Sreventing  the  circulation  of  the  air  about  the  flume.    This  will  protect  the 
ume,  and  may  prolong  the  flow  for  some  time  after  cold  weather  pets  in* 


Tunnel*  are  sometimes  used  for  coavetdng  walei.  In  conni 

Bume  or  ditch  lines.    Where  a  tunnel  Is  unllned,  It  1«  bc«  Id  gl  -  - 

the  shape  of  the  Gothic  arch,  owing  to  the  (act  that  thU  stands  bettei  i 


n  of  the  Gothic  i 


li,  which  nsuallf  Bcalee 


the  tunnel  aa  emooth  ae  posalblL.    ...  „ , _. 

carrying  capacity  of  the  tunnel,  thej-  huve  been  lined  with  wooden^tave 
pipe,  backed  with  concrete,  the  pipe  reqniring  no  metal  bands,  but  depend- 


eeplt  in  pface.^  When  such  linings  are  eropjoyed,  II 


Is  not  practiCBliIe  to  have  them  exposed  to  the  alternate  action  of  the  \ 
and  the  atmosphere,  hence  the  tunnel  should  be  kept  continually  full. of 
water.    To  accomplish  this,  the  tunnel  may  be  dropped  below  the  efade  or 
the  ditch  or  aume  line,  so  that  it  Is  always  jinder  a  slight  hyibosta 
pressure-  and  even  if  the  water  i  '         " 

would  remain  full  of  water,  the 


__    y  be  lined  w , 

cemented  on  the  It^slde. 

Flow  Thre»ili  Tiiiin«li.— The  flow  of  water  through  tunnels,  when  they  are 
only  partially  fllled,  Is  calculated  by  the  formulas  for  Bow  in  open  channels, 
while  in  the  ease  of  lined  tunnels  that  are  run  full,  the  Bow  Is  calculated  by 
finuulas  for  calculating  the  flow  through  pipes. 


tt|dri<li>  Bradlaat.— If  a  pipe  of  uniform  croBB.BectIon  be 
a  reservoir,  and  wat«r  allowed  to  dlsehar^  through  its  open 
found  that  the  pressure  on  the  pipe  at  any  point  is  equal  to 


>lnt  a  Is  equal  to  the  head 
-' '"  overeoniing  the  Me- 


pipeatany  point 
s  line;  while  If  It 


don  at -  - 

inpe.  and  is  rarely  over  1  ft. 
Iflhe  pipe  were  laid  along 
the  line  ab,  it  wonld  carry 
exactly  the  auna  amount 
of  water  as  when  laid  horl- 
xontally,  as  shown,  but 
there  would  be  practically 

along  Uils'' 


laid  alone  the  line  flom  the  point  a'  (the   reservoir  being  made 

deeper),  it  would  still  deliver  exactly  the  same  amount  of  water,  tut  the 
pressure  lending  to  burst  the  pipe  would  be  greatly  increased.  In  order 
that  a  pipe  may  have  a  maiimum  discharge,  no  point  In  the  line  must  rise 
above  the  hydraulic  gradient,  and  It  makes  no  difference  in  the  discharge 
how  br  below  the  gradient  it  may  fall. 

In  Fig.  15,  the  pipe  rises  above  the  hydraulic  gradient  ac,  and  in  this  case 
a  new  hydraulic  gradient  ab  would  have  to  be  established,  and  the  Bow 
calculated  for  this  head,  the  pipe  be  simply  aotlllg  to  carry  off  the  water 
delivered  to  it  at  b.  If  the  np^ier  aide  of  the  pipe  were  open  at  the  point  b. 
the  water  would  have  no  tendency  to  escape,  but,  on  the  contrary,  air  would 
probably  enter,  and  tbe  pipe  Bow  only  partially  full  from  btoc. 

Flow  In  Plpai,— Darcy,  a  French  engineer,  made  a  series  of  experiments  on 
dlfl^ient  diameters  oi  cast-iron  pipe,  with  dioetent  degrees  of  intenul 
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roughness,  ftom  which  he  calculated  a  series  of  fommlas.  The  following 
are  some  of  these  formulas,  as  arranged  by  Mr.  E.  Sherman  Gould,  G.  E.,  E.  M.. 
one  of  the  most  experienced  hydraulic  engineers  in  America.    Darcy  found 

that  the  character  of  the  inside 
surface  of  the  pipe  played  a 
very  important  part  in  its  dis- 
charge,  and  he  deduced  a 
formula  and  determined  a 
series  of  coefficients  for  it,  but 
Mr.  Gould  calls  attention  to  the 
fact  that  the  coefficients  for 
M    pipes  ftdtai  8"  to  48"  in  diam- 
^^     eter  practically  cancel  the 
Fig.  15.  numerical  factor  employed  in 

Darcy's  formula,   and  that  a 
slightly  different  factor  applies  to  pipes  ft-om  3  to  8  in.,  so  that  we  may  have 
the  following  simple  formulas,  in  which  the  factors  given  apply: 
Q  =  amount  of  water  in  cubic  feet  per  second; 
g  =  U.  S.  gallons  per  minute; 
D  =  diameter  of  pipe  in  feet; 
d  =  diameter  of  pipe  in  inches; 
H  =  total  head  in  feet; 
h  =  he€id  per  1,000  ft.; 
V  =  velocity  in  feet  per  second. 

Pipes  above  8  in.  in  diameter,  rough  inside  surfiEice, 

JO  /  J   I- 

For  diameter  in  inches,  Q  = 


288\  8 
Pipes  between  3  and  8  in.  in  diameter,  rough  inside  surface, 

Q  =  O.S9\/ Wh  =  0.89  D^i^'Dh;    V  =  LISj/Fa. 
Large  pipes,  smooth  inside  surface, 

Q  =  1.4>/56A  =  1.4i>«/PA;    F=«1.78i/PA. 
Small  pipes,  smooth  inside  surfSace, 

Q  =  0.89>/2  U>  h  =  1.25  L^y/Wh',  V  =  I.61/M. 

As  a  rule,  it  is  best  to  calculate  any  pipe  line  by  the  formula  for  pipes 
having  a  rough  internal  surface,  for  if  this  Is  not  done  the  results  are  liaDle 
to  be  disappointing,  since  all  pipes  become  more  or  less  rough  with  use. 

Eytelweln's  Formula  for  the  Dollvory  of  Wator  In  PIpas: 
D  =  diameter  of  pipe  in  inches; 
H  =  head  of  water  in  feet; 
L  =  lenethof  pipe  in  feet; 
W=  cubic  feet  of  water  discheurged  per  minute 

Hswkaley'a  Formula: 

O  =  number  of  gallons  delivered  per  hour; 

L  =  length  of  pipe  in  yards; 

H  =  head  of  water  in  feet; 

D  =*  diameter  of  pipe  in  inches. 

Noville'a  General  Formula: 

V  =  velocity  in  feet  per  second; 

r  =  hydraulic  mean  depth  in  feet; 

8  =  sine  of  inclination,  or  total  fall  divided  by  total  length. 

V  =  140l/r7— ll^fj. 
In  cylindrical  pipes,  v  multiplied  by  47.124  d«  gives  the  discharge  per 
minute  in  cubic  feet,  or  v  multiplied  by  293.7286  d^  gives  the  discharge  per 
ninute  in  gallons,  d  being  the  diameter  of  the  pii>e  in  feet. 
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R  a  mean  hydraulic  depth  in  feet  »  area  •«-  wet  perimeter  a  -7  for 
circular  section  of  pipe;  ^ 

8  =  sine  of  slope  =  -pJ 

V  =  velocity  in  feet  per  second; 
d  =  diameter  of  pipe  in  feet; 
L  ^  length  of  pipe  in  feet; 
H  =  head  of  water  in  feet. 

Prony,       v  =-  97.05 1/55  —  .08;  or,  v  =-  99.S8\/'rS  —  .161 
Eytelwein,  v  —  SH/t-Z" 

Eytelwein,         ,  v  =» 

Hawksley,  v  —  ^^j—r 


50  d' 
106/15  -  .13. 


d£r_ 

54  <r 


Neville, 
Darcy, 


V 

V 


140\/RS'— 11  fRS, 

Ci^RS;  for  value  of  C,  see  following  Table. 


Diameter  of  pipe  (inches) 
Value  of  C. 

65 

1 
80 

2 
93 

8 

99 

4 
102 

5 
103 

6 
105 

7 
106 

8 
107 

• 

Diameter  of  pipe  (inches) 
Value  of  C 

9 
106 

10 
109 

12 
109.5 

14 
110 

16 
110.5 

18 
110.7 

20 
111 

22 
111.5 

24 

m  fi 

Maximum  value  of  Cfor  very  large  pipes,  113.3. 


Kutter, 
where 

Weisbach, 


t>  =  C  }/r  S, 


181  + 


.00281 


»^(- 


.    .   .00281  \ 


=  y(  .0036 


.0048\v« 


where  h  =  head  necessary  to  overcome  the  friction  in  a  pipe;  r  =  the  mean 
radius  of  the  pipe  in  feet;  and  g  =  gravity  =«  32.2. 


Darcy, 


.02  i 


( 


1  + 


1    \t^ 
12dJ2g' 


Siphons.— When  any  part  of  the  pipe  line  rises  above  the  source  of  supply, 
such  a  line  is  called  a  siphon.  If  this  rise  is  greater  than  the  height  of  the 
water  barometer  (34  ft.  at  sea  level),  water  will  not  flow  through  the  siphon. 
The  flow  through  the  siphon  will  be  the  same  as  that  through  any  pipe  line 
so  long  as  there  is  no  accumulation  of  air  at  the  highest  point  of  the  line: 
but  such  an  accumulation  will  decrease  or  entirely  stop  the  flow.  All 
idphons  should  be  provided  at  their  highest  points  with  valves  for  dischsorging 
the  air  and  introducing  water  to  fill  the  siphon,  and  it  is  usually  best  to  trap 
the  lower  end  of  the  pipe  so  that  air  cannot  enter  it,  and  to  enlarge  the 
upper  end  so  as  to  reduce  the  loss  of  the  stream  in  entering.  For  a  raphon 
to  work  well,  the  fall  between  the  intake  and  the  discharge  end  shoum  be 
considerable,  if  the  rise  amounts  to  much. 
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LOSS  OP  HEAD  IN  PIPE  BY  PRIOTION 

In  each  100  ft.  in  length  of  different  diameters,  when  discharging  the  follow- 
ing quantities  of  water  per  minute,  as  given  by  Pelton  Water  Wheel  Co. 

Inside  Diameteb  of  Pipb.    Inches. 


• 

18 

14 

16 

16 

18 

10 

Veloeity. 
Ft.  perSeo 

M' 
"& 

^1 

£•2 

• 
09 

^1 

*** 

Jl 

n 

5i 

09      . 

^1 

^1 

«3 
Si 

2.0 

.188 

110 

.109 

128 

.168 

147 

.147 

167 

.182 

212 

.119 

Ml 

3.S 

.210 

121 

.200 

141 

.187 

162 

.175 

184 

.160 

288 

.140 

188 

2.4 

.252 

183 

.234 

154 

.218 

170 

.205 

201 

.182 

254 

,    .104 

814 

2.6 

.290 

144 

.270 

167 

.262 

191 

.280 

218 

.210 

275 

.189 

840 

2.8 

.382 

156 

.808 

179 

.288 

200 

S!0 

234 

.240 

297 

.210 

800 

S.O 

.375 

166 

.349 

192 

.326 

221 

.800 

251 

.271 

318 

.246 

308 

8.2 

.422 

177 

.392 

206 

•oOO 

235 

.843 

268 

.305 

889 

.275 

410 

8.4 

.471 

188 

.438 

218 

.408 

250 

.388 

284 

.339 

800 

.800 

446 

8.0 

.522 

199 

.485 

231 

.462 

265 

.426 

801 

.377 

882 

.889 

471 

8.8 

.570 

210 

.636 

243 

•.499 

280 

.408 

818 

.410 

408 

.874 

407 

4.0 

.632 

221 

.587 

266 

.648 

294 

.618 

836 

.460 

424 

.410 

613 

4.2 

.691 

232 

.841 

269 

.698 

309 

.601 

352 

.499 

446 

.449 

560 

4.4 

.751 

248 

.698 

282 

.661 

824 

.011 

868 

.642 

400 

.488 

670 

4.0 

.816 

254 

.757 

295 

.707 

339 

.002 

885 

.688 

488 

.629 

001 

4.8 

.881 

206 

.818 

808 

.768 

868 

.716 

402 

.080 

609 

.672 

028 

5.0 

.949 

276 

.881 

821 

.822 

368 

.770 

419 

.085 

680 

.017 

064 

6.2 

1.020 

287 

.947 

833 

.883 

388 

.828 

486 

.786 

661 

.002 

080 

6.4 

1.002 

298 

1.014 

346 

.947 

397 

.888 

452 

.788 

672 

.710 

707 

6.0 

1.167 

309 

1.083 

359 

1.011 

412 

.949 

469 

.848 

694 

.768 

78S 

6.8 

1.245 

321 

1.156 

372 

1.078 

427 

1.011 

486 

.899 

016 

.800 

769 

6.0 

1.825 

832 

1.229 

385 

1.148 

442 

1,070 

602 

.957 
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.801 

786 
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1.750 
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The   following  formnls,    deduced  bj  WUliftm  Cot.    flvel  practlMlIy 
the  same  results  as  the  toregOiag  Ubie  and  will  be  found  useTul  In  muny 


j^yTi-j^(4V  +  SV— 2),  whereJ'^  friction  head;  i  -  length 

of  pipe  In  feet;  D  ^  diameter  of  pipe  in  inches;  V  ^  veloclt]'  in  feet  per 

ibject  bos  not  been  i 
le  exact  allowance  fo 


the  followliig  tbrmulea 

It  Is  well  to  bear  in  m ._„_.  _.^ 

poadble,  and  that  bend:  should  be  made  with  as  laTee  a  radiui 
staacea  will  allow. 

A  ^  angle  of  bend  or  knee  with  forward  lii 

■\  ?  V  —  velocity  of  water  in  feet  per  second; 

v:i — -1,  Jt  =  radius  of  center  line  of  bend; 

<>^— w>  r  —  radiusofboteofpipe  (orldlameter); 

'''™.  S"  =  coefficient  tor  angles  of  knees; 

/J, ,  '«  L  "  eoefllcicnt  for  currature  of  bends; 

'**'■  Jf  =  head  of  water  in  feet  necessary  to  OTI 
).  17.  come  the  IMctlon  of  the  bende,  or  kuei 

!  of  S' Is  as  follows  IbT  different  angles: 


•  •■■  (lii'^)- 
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Values  of  L  with  various  ratios  of  the  radius  of  bend  to  radius  of  bore: 
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RESERVOIRS. 

Reservoir  Site.— In  selecting  a  site  for  a  reservoir,  the  following  points 
should  be  observed: 

1.  A  proper  elevation  above  the  point  at  which  the  water  is  required. 

2.  The  total  supply  available,  including  observations  as  to  the  rainfall 
and  snowfall. 

3.  The  formation  and  character  of  the  ground,  with  reference  to  the 
amount  of  absorption  and  evaporation. 

The  most  desu^ble  formation  of  ground  for  a  reservoir  site  is  one  of  com- 
pact rock,  like  granite,  gneiss,  or  slate;  porous  rocks,  like  sandstones  and 
limestones,  are  not  so  dearable.  Steep  bare  slopes  are  best  for  the  country 
surrounding  a  reservoir,  as  the  water  escapes  from  them  quickly.  The 
presence  of  vegetation  above  the  reservoir  causes  a  considerable  amount  of 
absorption:  but,  at  the  same  time,  the  rainfall  is  usually  greater  in  a  region 
covered  with  vegetation  than  in  a  barren  region,  hence  the  streams  have  a 
more  uniform  flow.  A  reservoir  must  be  made  large  enough  to  hold  a 
supply  capable  of  meeting  the  maximum  demand.  The  area  of  a  reservoir 
should  be  determined,  and  a  table  made  showing  its  contents  for  every  foot 
in  depth,  so  that  the  amount  of  water  available  can  always  be  known. 


DAMS. 

Dams  are  used  for  retaining  water  in  reservoirs,  for  diverting  streams  in 
placer  mining,  and  for  storing  debris  coming  from  placer  mines  in  cafions 
or  ravines. 

Foundations  for  dams  must  be  solid  to  prevent  settling,  and  water-tight  to 
prevent  leakage  under  the  base  of  the  dam.  Whenever  possible,  the  founda- 
tion should  be  solid  rock.  Gravel  is  better  than  earth,  but  when  gravel  is 
employed  it  will  be  necessary  to  drive  sheet  piling  under  the  upper  toe  x)f 
the  dam,  to  prevent  water  from  seeping  through  the  formation  under  the 
dam.  Vegetable  soil  should  be  avoided,  and  all  porous  material,  such  as 
sand,  gravel,  etc.  should  be  stripped  off  until  hard  i>an  or  solid  rock  is 
reached.  In  case  springs  occur  in  the  area  covered  by  the  foundation  of  the 
dam,  it  will  be  necessary  to  trace  them  up,  and  if  they  originate  on  the 
upper  side  to  confine  their  flow  to  that  side  of  the  dam,  so  that  they  will 
have  no  tendency  to  ultimately  become  i>assageways  for  water  from  the 
upper  fece  to  the  lower  face  of  the  dam,  thus  providing  holes  which  may 
Ultimately  destroy  the  entire  foundation  of  the  structure. 

Wooden  Dams.— Wooden  dams  are  constructed  of  round,  sawed,  or  hewn 
logs.  The  timbers  are  usually  at  least  1  ft.  square,  or,  if  round,  from  18  to 
24  in.  in  diameter.  A  series  of  cribs  from  8  to  10  ft.  sjjuare  are  constructed  by 
building  up  the  logs  log-house  flEishion  and  securing  them  together  witn 
treenails.  The  individual  cribs  are  secured  to  one  another  with  treenails 
or  by  means  of  bolts.  The  cribs  are  usually  filled  with  loose  rock  to  keep 
them  in  place,  and  in  many  cases  are  secured  to  the  foundation  by  means 
of  bolts.  A  layer  of  planking  on  the  upper  face  of  the  dam  makes  ft  water- 
tight, and  if  the  spillway  is  over  the  crest  of  the  dam  it  will  be  necessary  to 
plank  the  top  of  the  cribs,  and,  in  most  cases,  to  provide  an  apron  for  the 
water  to  fall  on.  The  apron  may  be  set  on  small  cribs,  or  on  timbers  jwt)- 
jecting  ftom  the  cribs  of  the  dam  itself. 

Abutments  and  Discharge  Gates.— Abutments  are  structures  at  the  ends  of  a 
dam.  They  may  be  constructed  from  timber,  masonry,  or  dry  stonework. 
If  possible,  abutments  should  have  a  curved  outline,  and  should  be  so 

E laced  that  there  is  no  possibility  of  the  water  overflowing  them,  or  getting 
ehind  them  during  floods.  If  the  regular  discharge  from  a  dam  takes  place 
from  the  main  face,  the  gates  may  be  arranged  in  connection  with  one  of 
Uie  abutments,  or  by  means  of  a  tunnel  and  culvert  through  the  dam.    In 
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eiLher  c&se,  Bome  stmctore  shonld  b«  conBtructed  above  the  outlet  so  aa  lo 
prevent  driftwood,  bniah«  and  other  materml  ttom  Mopping  the  dlBCbarge 
galea.  When  the  discharge  gates  are  placed  at  one  side  of  the  dam,  they  are 
ueuslly  arranged  outalde  of  the  reguiar  abutment,  between  it  and  anuther 
special  abutment,  the  discharge  being  through  a  series  of  gates  inlo  a  &ume. 

Ssiriwiyi  or  Wasia  Wifs.— These  are  openings  provided  In  a  dam  for  the 
discharge  of  water  during  Qoode  or  fTeshela,  or  for  the  discharge  of  a  portion 
not  being  tued  at  any  time.  Tbe  spillway  may  be  over  the  crest  of  the  dam, 
or.  where  the  topographs'  tevora  such  a  eonetruotion,  the  main  dam  may  be 
of  sufflcieot  helgbt  to  prevent  water  from  ever  passing  ils  crest,  tbe  spillway 
being  arranged  at  another  outlet  over  the  lower  dam.  Waste  ways,  proper, 
are  openings  through  the  dam,  and  are  intended  for  the  discharge  of  the 
large  quanflties  of  water  that  come  down  during  l^eshets  or  floods.  In  the 
case  of  timber  dams,  the  waste  ways  are  usnally  eurroundeil  by  heavy  crll^ 
and  have  an  area  of  Ihim  40  to  So  sq.  (l,  each.  There  are  two  general 
(bmiBof  construction  employed  for  waste  ways.  One  consists  of  a  compara- 
tively narrow  opening  in  the  dam,  extending  to  a  considerable  deptJi  (S  or 


iOfl.).  Water  Is  allowed  to  discharge  through  this  during  Qood  time,  but 
when  it  is  desired  lo  atop,  the  flow  planks  are  placed  across  the  up-stream 
fbce  of  the  opening  in  such  a  manner  as  to  close  it.  The  opening,  which  is 
usually  not  overs  or  4  ft.  wide,  la  provided  with  guideaon  the  upper  Iftceof 
the  dun.  and  between  which  the  planks  are  slid  down,  the  Individual  pieces 
of  planking  being  at  least  1  ft.  longer  than  the  opening  that  they  are  to 
cover.  The  other  devlca  fluently  nsed'Consists  in  providing  the  waste 
way,  at  one  dde  of  the  regnlar  s^lway.  with  a  crest  2  or  3  ft,  lower  than  the 
regiuar  apillway.  The  creet  of  ifala  waste  way  Is  composed  of  heavy  timber, 
and  4  or  B  ft.  above  there  is  arranged  a  parallel  timber,  the  space  between 
tbe  two  being  dosed  by  what  are  called  flash  boards,  Thceu  are  made  from 
pieces  of  2"  or  8"  plank,  6  or  8  in.  wide.  The  planks  are  placed  against  both 
timbers  so  as  to  close  the  space.  The  individual  planks  are  made  long 
enough  so  that  they  extend  &om  1  to  3  ft.  above  the  upper  timber,  and 
through  the  upper  end  of  each  plank  is  bored  a  hole  through  which  a  piece 
Of  ropo  Is  passed  and  a  ' — *  ""'  ■"  " ''  "'  " "" 


en  the  fbrco  of  the  water  will  immediately  cai 

r.___ n  as  fir  ea  the  rope  will  allow  It  to  go.    After  t.... 

first  plank  has  been  loosened,  the  succeeding  ones  can  be  pulled  up  with 

"- -- •  ■ —  men  can  ope-  -  "^--  ■" '  -— '- 

ropes  keep  I 

=  ...  .    - „.  inby  paaalna  . 

le  of  the  opening  and  moving  then 

required,  both'ln  opening  end  closing  the  waste  ways, 

Et*na  Dims.— Where  cement  or  lime  la  expendve.  and  suitable  rabble 

...  .....,_.=   = u  f^equenlly  constructed  without  the  useof 

.  I -I  .t.  .. —  should  be  of  hammer- 

le  lower  face  of  the  dam 

., am  can  be  made  water- 

a  akin  of  planking  on  the  upper  f^e.    Tn  caae  water 
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wessore,  provided  an  opening  was  not  made  for  the  eaeape  of  sach  water, 
ror  this  reason,  culverts  or  openings  should  be  made  through  the  lower 
portion  of  the  dam,  to  disoharge  any  such  water.  When  such  dams  as  this 
are  constructed,  the  regular  spillway  is  not  placed  over  the  face  of  the  dam, 
but  at  some  other  point,  and  usually  over  a  timber  dam. 

Earth  Dams.— Earth  dams  are  iised  for  reservoirs  of  moderate  height. 
They  ^ould  be  at  least  10  ft.  wide  on  top,  and  a  height  of  more  than  60  it.  is 
unusual.  When  the  material  of  which  the  dun  is  composed  is  not  water- 
tight, as,  for  instance,  gravel,  sand,  etc.,  it  is  sometimes  necessary  to  con- 
struct a  puddle  wall  of  clay  in  the  center  of  the  r^^lar  dam.  This  consists 
of  a  narrow  dam  of  clay  mixed  with  a  certain  proportion  of  sand.    The 

Suddle  wall  should  not  be  less  than  from  6  to  8  ft.  thick  at  the  top  of  the 
am,  and  should  be  given  a  slight  batt^  on  each  side.  It  is  constructed 
during  the  building  of  the  dam,  and  should  be  protected  fh>m  contact  with 
the  water  by  a  considerable  thickness  of  earth  on  the  upper  fiace.  The 
upper  face  of  an  earthen  dam  is  frequently  protected  by  means  of  plank  or 
a  pavement  of  stone.  The  lower  face  is  frequently  protected  by  means  of 
soa,  or  sod  and  willow  trees.  Sometimes  earth  dams  are  provided  with  a 
masonry  core  in  place  of  the  puddle  wall,  to  render  them  water-tight.  This 
consists  of  a  masonry  wall  earned  to  an  impervious  stratum,  and  up  through 
the  center  of  the  dam.  The  masonry  core  should  never  be  less  than  2  or  8ft. 
thick  at  the  top,  and  should  be  given  a  batter  of  at  least  10)(  on  each  side. 
At  the  regular  water  level,  earthen  dams  are  liable  to  have  a  small  bench 
or  £^elf  mrmed,  and  on  this  account,  during  the  construction,  such  a  bench 
or  shelf  is  sometimes  built  into  the  earth  dam.  Fig.  18  shows  a  dam  with  a 
masonry  core,  with  the  upper  fSace  covered  with  rubble  and  the  lower  face 
covered  with  grass. 

Debris  Dams.— These  are  dams  or  obstructions  placed  across  the  bed  of 
streams  to  hold  back  tailings  from  mines,  and  to  prevent  damage  to  the 
valleys  below.  They  are  made  of  stone,  timber,  or  brush.  No  attempt  is 
made  to  render  the  debris  dam  water-tight,  the  only  object  being  that  it 
should  retard  the  flow  of  the  stream  and  gi^e  it  a  greater  breadth  of  dis- 
charge, so  that  the  water  naturally  drops  and  deposits  the  sediment  that 
it  is  carrying.  The  sediment  soon  silts  or  fills  up  against  the  face  of  the 
dam,  the  area  above  the  dam  becoming  a  flat  expanse  or  plain  over  which 
the  water  finds  its  way  to  the  dam.  When  these  dams  are  constructed  of 
stone,  the  individual  stones  on  the  lower  face  and  crest  of  the  dam  should 
be  so  large  that  the  current  will  be  unable  to  displace  them,  while  the  upper 
face  and  core  of  the  dam  may  be  composed  oi  finer  material.  In  case  a 
breach  should  occur  in  the  debris  dam,  it  will  not  necessarily  endanger  the 
region  farther  down  the  stream,  as  is  the  case  when  a  break  occurs  in  a 
water  dam.  The  rca,son  for  this  is  that  the  debris  dam  is  not  made  water- 
tight, and  hence  there  is  never  much  pressure  against  it,  or  a  large  volume 
of  water  held  back  that  can  rush  suddenly  down  the  stream  should  a  break 
occur.  The  only  result  of  the  break  would  be  that  more  or  less  of  the  gravel 
behind  the  dam  would  be  washed  through  the  breach. 

Wing  Dams.— Wing  dams  are  used  for  turning  streams  from  their  courses, 
so  as  to  expose  all  or  a  portion  of  the  bed  for  placer  mining  or  other  pur- 
poses. They  are  usually  of  a  temporary  nature,  and  are  constructea  of 
Srush  and  stones,  light  cribs  filled  with  stones,  and  of  leurge  stones,  or  timber. 
Sometimes  the  course  of  a  stream  is  turned  by  an  obstruction  made  of  sand 
bags,  and  a  wing  dam  constructed  behind  this  of  frames  of  timber,  the  inter- 
vening space  being  filled  with  gravel  or  earth,  and,  in  some  cases,  the  timber 
being  covered  with  stone,  and  the  surface  riprapped  so  that  if  the  flow  ever 
comes  over  the  top  of  the  structure  it  will  not  destroy  it. 

Masonry  Dams.— When  high  masonry  dams  are  to  be  employed  they  should 
be  designed  by  a  competent  hydraulic  engineer.  Masonry  dams  are  not,  as 
a  rule,  used  for  hydraulic  mining,  owing  to  the  fact  that  the  length  of  time 
during  which  the  dam  is  required  rarely  warrants  the  expense  of  the  con- 
struction of  a  masonry  dam. 


WATER-POWER. 


Tha  Theoretloal  Efflolenoy  of  the  Water-Power.— The  gross  power  of  a  fall  of 
water  is  the  product  of  the  weight  of  water  discharged  in  a  unit  of  time,  and 
the  total  head  or  diflference  in  elevation  of  the  surface  of  the  water,  above 
and  below  the  fetll.    The  term  head,  used  in  connection  with  waterwheeH 
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is  the  difference  in  height  between  the  surface  of  water  in  the  penstock  and 

that  in  the  taih:ace,  when  the  wheel  is  running. 

If  ^     =*  cubic  feet  of  water  discharged  per  minute, 

W     =  welKht  of  a  cubic  foot  of  water  =  62.6  lb., 

and  H     =>  total  head  in  feet, 

then         WQH  =  gross  power  in  foot-ponnds  per  minute, 

WQII 
and  gg^  =  the  horsepower. 

Substituting  the  value  for  TT,  we  have 

^^^'^  =  -00189  Q  -H,  as  the  horsepower  of  a  fWl. 

The  total  power  can  never  be  utilized  by  any  form  of  motor,  owing  to  the 
fact  that  there  is  a  loss  of  head,  both  at  the  entrance  to,  and  exit  f^om,  the 
wheel,  and  there  are  also  losses  of  energy,  due  to  friction  of  the  water  in 
passing  through  the  wheel.  The  ratio  of  the  power  developed  by  the  wheel 
to  the  gross  power  of  the  fall,  is  the  efficiencv  of  the  wheel.  A  head  of  water 
can  be  made  use  of  in  any  one  of  the  following  ways: 

1.  By  its  weight,  as  in  the  water  balance,  or  overshot  wheel. 

2.  By  its  pressure,  as  in  the  hydraulic  engine,  hydraulic  presses,  cranes, 
etc.,  or  in  a  turbine  water  wheel. 

3.  By  its  impulse,  as  in  the  undershot  and  impulse  wheels,  such  as 
Peltons,  etc. 

4.  By  a  combination  of  the  above. 

The  Horsepower  of  e  Rlinning  Stream.— The  gross  horsepower,  as  seen  above,  is 

In  which  Q  is  the  quantity  in  cubic  feet  per  minute  actually  impinging  on 
the  float  or  bucket,  and  if  the  theoretical  head  added  to  the  velocity  of  the 
stream,  or 

TT       t.       J^ 
^       2g       64.4* 
in  which  v  is  the  velocity  in  feet  per  second. 

For  example,  if  the  floats  of  an  undershot  waterwheel  were  2  ft.  X 10  ft.,  and 
the  stream  had  a  velocity  of  3  ft.  per  second,  i.  e.,  v  ==  3,  we  would  have 

H  =  -^Y^  =  .139,  and  Q  =  2X10X3X60  =  3,600  cu.  ft.  per  min. 
o4.4 

From  this,  H.  P.  =  3,600  X  .139  X  .00189  =  .945  H.  P.,  or  a  gross  horse- 
power for  practically  .05  sq.  ft.  of  wheel  surface;  but,  under  ordinary  circum- 
stances, it  would  be  impossible  to  attain  more  than  40j(  of  this,  or  practically 
.02  horsepower  per  sq.  ft.  of  surfieice,  which  would  require  60  sq.  ft.  of  float 
gurface  to  each  horsepower  furnished. 

Current  Motors.— A  current  motor  fliUy  utilizes  the  energy  of  a  stream 
only  when  it  is  so  arranged  that  it  can  take  all  of  the  velocity  out  of 
the  water;  that  is,  when  the  water  leaves  the  floats  or  vanes  with  no 
velocity.  It  is  evident  that  in  practice  we  can  never  even  obtain  a  close 
approximation  to  these  results,  and  hence  only  a  small  fraction  of  the 
energy  df  a  running  stream  can  be  utilized  by  the  current  motor.  Current 
motors  are  frequently  used  to  obtain  small  amounts  of  i)Ower  from  a  large 
stream,  as,  for  instance,  for  pumping  a  limited  amount  of  water  for  Irrigation. 
For  this  work,  an  ordinanr  undershot  wheel  having  radial  paddles  is  usually 
employed.  At  one  end  of  the  wheel  a  series  of  small  buckets  are  placed,  and 
so  arranged  that  each  bucket  will  dip  up  water  at  the  bottom  or  the  wheel 
and  discharge  it  into  the  launder,  near  the  top  of  the  wheel.  The  shape  of 
the  buckets  should  be  such  that  only  the  amount  of  water  which  the  bucket 
is  capable  of  carrying  to  the  launder  will  be  dipped  up,  for,  if  the  bucket 
is  constantly  slopping  or  jwuring  water  as  it  ascends,  a  large  amount 
of  useless  work  is  iJerformed  in  raiafng  this  extra  water  and  then  pouring  it 
out  again,  as  only  the  portion  that  reaches  the  launder  can  be  of  any  service. 
Current  motors  are  not  practicable  for  furnishing  large  amounts  of  power. 


UTILIZING  THE   POWER  OF  A  WATERFALL. 

The  i)Ower  of  a  waterfall  may  be  utilized  by  a  number  of  different  styles 
of  motors,  but  each  has  certain  advantages. 

Breast  and  Undershot  Wheels.— When  the  head  is  low  (not  over  5  or  6  ft.), 
breast  or  undershot  wheels  are  firequently  employed.    If  these  are  properly 
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proportioned,  it  is  possible  to  realize  fh)in  25^  to  60)(  of  the  theoretical  power 
of  the  fall,  but  the  wheels  are  large  and  cumbersome  compared  with  the  duty 
the;r  perform,  and  not  often  installed  at  present,  especially  near  manufac- 
turing centers. 

Overshot  Wheels.— For  falls  up  to  40  or  50  ft.,  overshot  wheels  are  yery 
coiomonly  employed,  and  thejr  nave  been  used  for  even  greater  heads  than 
this.  The  overshot  wheel  derives  its  power  both  from  the  impulse  of  the 
water  entering  the  buckets,  and  from  the  weight  of  the  water  as  it  descends 
on  one  side  of  the  wheel  in  the  buckets.  The  latter  factor  is  by  flEir  the  more 
important  of  the  two.  When  properly  proportioned,  overshot  wheels  may 
realize  from  70^  to  90^  of  the  power  of  the  waterfall,  but  thev  are  large  and 
cumbersome  compared  with  the  power  that  they  give,  and  are  not  often 
installed  except  in  isolated  regions,  where  they  are  made  from  timber  by 
local  mechanics.  ^ 

Impulse  Wheels.— For  heads  varying  from  50  ft.  up,  impulse  wheels  are 
very  largely  used.  These  are  also  sometimes  called  nurdy  gurdies,  and  are 
usually  of  the  Pelton  type,  consisting  of  a  wheel  provided  with  buckets,  so 
arranged  about  its  peripnery  that  they  receive  an  impinging  jet  of  water  and 
turn  it  back  upon  itselr,  discharging  it  with  practically  no  velocity,  and  con- 
verting practically  all  the  energy  into  useful  work.  The  efficiency  of  these 
wheels  varies  from  S5i  to  90j(  under  favorable  circumstances.  This  style  of 
wheel  is  especially  adapted  for  very  high  heads  and  comparatively  small 
amounts  of  water.  There  are  a  number  of  instances  where  wheels  are 
operating  under  a  head  of  as  much  as  2,000  ft.  This  style  of  impulse  wheel 
is  an  American  development;  in  Europe,  a  style  of  impulse  turbine  has  been 
used  to  some  extent,  but  has  not  found  very  much  favor  in  the  United  States. 

Turbines.— Turbines  or  reaction  wheels  are  very  largely  employed,  espe- 
cially for  moderate  heads.  When  properly  designed  to  fit  the  working 
conditions,  they  can  be  used  for  heads  varjring  from  4  or  5  ft.  up  to  consider- 
ably over  100  ft.,  and  when  properly  placed  are  capable  of  utilizing  the 
entire  head,  a  factor  that  gives  them  a  decided  advantage  over  any  other 
style  of  waterwheel.  Turbines  are  capable  of  returning  SSjt  to  905<  of  the 
theoretical  energy  as  useful  power,  and  are  lareely  used,  especially  where  a 
considerable  volume  of  water  at  a  low  head,  or  a  smaller  volume  at  a 
moderate  head,  can  be  obtidned. 
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Pumps  are  employed  for  nnwatering  mines,  handling  water  at  placer 
inines,  irrigation,  water-supply  systems,  boiler  feeds,  etc. 

For  unwatering  mines,  two  general  systems  of  pumping  are  employed. 
(1)  The  pump  is  placed  in  the  mine  and  is  operated  by  a  motor  on  the  sur- 
race,  the  power  being  transmitted  through  a  fine  of  moving  rods.  (2)  Both 
the  motor  and  pump  are  placed  in  the  mine,  the  motor  oeing  an  engine 
driven  by  steam,  compressed  air,  hydraulic  motor,  or  an  electric  motor. 

Cornish  Pumps.— Any  method  of  operating  pumps  by  rods  is  commonly 
called  a  Cornish  system.  Formerly,  the  motor  in  the  Cornish  system  con- 
sisted of  a  steam  engine  placed  over  the  shaft  head,  which  operated  the 
pump  by  a  direct  line  of  rods.  With  this  arrangement,  there  is  great  danger 
of  accident  to  the  engine  from  the  settling  of  the  ground  around  the  shaft, 
or  from  fire  in  the  shaft;  also,  the  position  of  the  motor  renders  access  to  the 
shaft  difficult.  To  overcome  these  objections,  the  engine  is  frequentiy 
placed  at  one  side  of  the  shaft,  and  the  rods  operated  by  a  bob;  this  has 
become  the  common  practice,  and  is  generally  called  the  Cornish  rig.  The 
engine  employed  in  the  most  modem  plants  is  generally  of  the  Corliss 
type,  and  is  provided  with  a  governor  to  guard  against  the  possibility  of  the 
engine  running  away,  in  case  the  rods  should  break. 

This  system  requires  no  steam  line  down  the  shaft,  and  is  independent  of 
the  deptn  of  water  in  the  mine,  so  that  the  pump  is  not  stopped  by  the 
drowning  of  a  mine,  but  the  moving  rods  are  a  great  inconvenience  in  the 
shaft,  and  they  absorb  a  great  amount  of  power  by  friction. 

Simple  end  Duplex  Pumps.— In  the  simple  pump,  a  steam  cylinder  is  con- 
nected directly  to  a  water  cylinder,  and  the  steam  valves  are  operated  by 
tappets.  Such  a  pump  is  more  or  less  dependent  on  inertia  at  certain  points 
of  tne  stroke  to  insure  the  motion  of  the  valves,  hence  will  not  stut  from 
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Fig.  19. 


any  place,  but  is  liable  to  become  stalled  at  times.  In  the  duplex  pump^ 
two  steam  cylinders  and  two  water  cylinders  are  arraneed  side  by  side, 
and  the  valves  so  placed  that  when  one  piston  is  at  mia-stroke  it  throws 
the  steam  valve  for  the  other  cylinder,  etc.    With  this  arrangement,  the 

Sump  will  start  fh>m  any  point,  and  can  never  be  stalled  for  lack  of  steam, 
ue  to  the  position  of  the  valves.    Ordinarily,  duplex  pumps  are  to  be  pre- 
ferred for  mine  work. 

The  packing  for  the  water  piston  of  a  pump  may  be  either  inside  or  outside. 
Any  form  of  iMicking  that  is  inside  the  cylinder,  either  upon  a  moving  piston 
or  surrounding  the  ram, 
and  so  situated  that  any 
wear  will  allow  communi- 
cation between  the  oppo- 
site ends  of  the  cylinder, 
is  called  inside  piacking. 
It  may  consist  simply  of 
piston  rings  about  the  pis- 
ton, as  in  the  case  of  an 
ordinary  steam-«nglne  pis- 
ton O,  Fig.  19.  or  stationary 
rings  may  be  employed 
about  the  outside  of  a  mov- 
ing ram  or  long  piston  P. 

In  either  case,  the  cvlinder  heads  have  to  be  removed  before  the  condition 
of  the  packing  can  be  inspected,  and  any  leak  does  not  make  itself  vidble. 
When  outside  packing  is  employed,  separate  rams  are  used  in  opposite 
ends  of  the  cylinder,  there  being  no  internal  communication  between  the 
chambers  in  which  the  rams  work.  The  rams  are  packed  by  ordinary 
outside  stuffingboxes  and  glands.  The  arrangement  consists  practicalljr  of 
two  single-acting  pumps  arranged  to  work  alternately,  so  that  one  is  forcing 
water  while  the  other  is  drawing  water.  Fig.  20  shows  a  horizontal  section 
of  a  cylinder  so  arranged,  together  with  the  yoke  rods  that  operate  the  ram 
at  the  farther  end  of  the  cylinder. 

As  a  rule,  inside-packed  pumps  should  be  avoided  in  mines,  on  account  of 
the  fact  that  acid  or  gritty  waters  are  liable  to  cut  the  packing,  and  make  the 
pumps  leak  in  a  very  short  time.  For  dipping  work  in  smgle  stopes  or 
entries,  small  single  or  duplex  outside-packed  pumps  may  be  employed. 
It  is  generally  best  to  operate  such  pumps  by  compressed  air.  for  the  exhaust 
will  then  be  oeneficial  to  the  mine  air.  If  steam  is  employed,  it  is  frequently 
necessary  to  introduce  a  trap  and  remove  entrailed  water  from  the  steam 
before  it  enters  the  pump,  and  to  dispose  of  the  exhaust  by  piping  it  out  or 
condensing  it.  Sucn  isolated  steam  pumps  are  about  the  most  wasteful  form 
of  steam-driven  motor  in  existence. 

For  sinking,  center-packed  single  or  duplex  pumps  are  usually  employed, 
the  duplex  style  being  the  better.  For  station  work,  where  much  water  is  to 
be  handled,  large  compound,  or  triple-expansion,  condensing,  duplex  pump- 
ing engines  are  employed.  They  may,  or  may  not,  be  provided  with  cranks 
and  a  flywheel.  Engineers  diflTer  greatly  upon  this  point,  and,  as  a  rule,  for 
very  high  lifts  and  great  pressures,  the  flywneel  is  employed. 

The  main  points  in  consideration  are  the  first  cost  of  the  pump,  and  the 
amount  that  will  be  saved  by  using  the  more  expensive  engine.  The  large 
flywheel  pumping  engines  are  several  times  e^  expensive  as  the  direct- 
acting  steam  pumps,  and  the  question  is  as  to  whether  their  greater  efficiency 

will  more  than  coun- 
terbalance  the  in- 
creased outlay.  Most 
engineers  favor  fly- 
wheel  pumps  for 
handling  large  vol- 
umes oiwater  where 
the  work  is  approxi- 


FiG.20. 


mately  constant,  and  direct-acting  pumps,  without  flywheels  or  cranks, 
for  handling  small  amounts  of  water,  or  for  very  irregular  service,  owing 
to  the  fact  that  if  the  flywheel  pump  is  driven  below  its  normal  speed  it  does 
not  govern  properly,  nor  work  economically.  Until  recently,  water  was 
removed  ftom  mines  in  lifts  of  about  300  to  350  ft.,  pumps  being  placed  at 
stations  along  the  shaft. 

While  a  series  of  station  pumps  are  still  employed,  in  some  cases  they  are 
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generally  intended  to  take  care  of  water  coming  into  the  shaft,  or  workings 
at  or  near  their  level,  and  are  not  employed  for  handling  water  in  successive 
stages  or  lifts.  For  handling  the  bulk  of  the  water  from  the  bottom  of  the 
shaft,  large  pumping  enplnes  are  employed  that  frequently  force  the  water 
to  the  surface  from  depths  of  over  1,000  ft.  These  high-duty  pumping  plants, 
when  near  the  shaft  and  operated  bv  steam  with  a  condenser,  frequently 
show  a  very  high  efficiency.  When  au*  is  employed  to  operate  such  a  plant, 
a  much  high^  efficiency  can  be  obtained  ir  the  compressed  air  is  heated 
before  using  in  the  high-pressure  cylinder,  and  during  its  passage  from  ttie 
high-pressure  to  the  low-pressure  cylinder.  This  has  been  very  successflilly 
accomplished  by  means  of  a  steam  reheater,  the  small  amount  of  steam 
necessary  being  conveyed  to  the  station  in  the  small  pipe,  and  entirely  con- 
densed in  the  reheater,  from  which  it  is  trapped  as  water. 

The  duty  of  steam  pumps  is  approximately  as  follows:  For  small-sized 
steam  pumps,  the  steam  consumption  is  from  180  to  200  lb.  per  horsepower 
per  hour,  when  operating  in  the  workings  of  a  mine  at  some  distance  from 
the  boiler.  For  larger  sizes  of  simple  steam  pumps,  the  consumption  runs 
from  80  to  ISO  lb.  of  steam  per  horsepower  per  nour.  Compound-condensing 
pumps,  such  as  are  commonly  used  as  station  pumps,  consume  from  40  to 
70  lb.  of  steam  per  horsepower  per  hour.  Triple-expansion,  condensing, 
high-class  pumping  engines  consume  from  24  to  26  lb.  per  horsepower  per 
hour.  The  Cornish  pump  consumes  varied  amounts  of  steam  in  proportion 
to  the  water  delivered,  depending  largely  on  the  friction  of  the  gearing, 
bobs,  rods,  etc.,  but  its  effidency  is  usually  considerably  below  the  best  class 
of  pumpinjgr  engines. 

Speed  orWater  Throufh  Valves,  Pipes,  and  Pump  PassaKes.— The  speed  of  water 
through  the  valves  and  passages  or  a  pump  shoula  not  exceed  250  ft.  per 
minute,  and  care  shoula  be  taken  to  see  that  the  passages  are  not  too 
abruptly  deflected.  The  flow  of  water  through  the  discharge  pipe  should 
not  exceed  500  ft.  per  minute,  but  for  single-cylindered  pumps  it  is  usually 
figured  at  between  250  and  400  ft,  per  minute.  In  the  case  of  very  large 
pumps,  greater  velocities  may  be  allowed.  The  suction  pipe  for  the  pump 
should  be  larger  than  the  discharge  pipe.  Ordinarily,  the  suction  pipe  for  a 
pump  should  not  exceed  250  ft,  in  length,  and  should  not  contain  more  than 
two  elbows.  The  following  formula  gives  the  diameter  of  the  suction  and 
discharge  pipes  of  a  pump: 

©  =  U.  8.  gallons  per  minute; 

d'  =  diameter  of  suction  pipe  in  inches; 

d"=  diameter  of  discharge  pipe  in  inches; 


d'  =  4.95 


V^' 


v'  i-  velocity  of  water  in  feet  per  minute  in  the  suction  pipe  =  from 

.50«"to  .75 1/'; 
v^f  SI  velocity  of  water  in  feet  per.  minute  in  the  discharge  pipe. 


RATIO  OP  STEAM  AND  WATER  GYLINDERS  IN  A 
DIRECT-ACTINQ  PUMP. 

A  —  area  of  steam  cylinder;  H  =  head  of  water  =  2.309  p; 

D  =  diameter  of  steam  cylinder;         a  =  swea  of  pump  cylinder; 
P  =  steam  pressure  in  pounds  per      d  =  diameter  of  pump  cylinder; 

square  inch; 
p  =  pressure  per  square  inch,  corresponding  to  the  head  H  =  .433  H\ 
„        _  ,  -  work  done  in  pump  cylinder 

E  =  efficiency  of  pump  =  ,— h ^,  - \i~         ,.   j— I 

*^      *^       work  done  in  steam  cylinder 

A  rr,  S:P  '  ^        r.    \EP  a         p         .433H 

^       -EP'  ^=^VT"'  a^E-p-'EP' 

**"■      p   _;_  ^~EA' 

^;  p=^^;  H=2.309EPxf 


2>  =  d^ 
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HE  =-  76j(,  then  H  -  1.732PX  — . 

E  is  commonly  taken  at  ftom  .7  to  .8  for  ordinary  direct-actinfi;  pumpa 
For  ttie  highest  class  of  pumping  engines  it  may  amount  to  .9.  Tne  steam 
pressure  P  is  the  mean  effective  pressure,  according  to  the  indicator  dia- 
gram; the  pressure  p  is  the  mean  total  pressure  acting  on  the  pump  plunger 
or  piston,  including  the  ruction,  as  would  be  shown  by  the  indicator  (ua> 
gram  of  tne  water  cylinder.  The  pressure  on  the  pumjp  cylinder  is  frequently 
much  greater  than  that  due  to  the  height  of  the  uft,  on  account  of  the 
friction  in  the  valves  and  passages,  which  increases  rapidly  with  the  velocity 
of  the  flow. 

Piston  Spoed  of  Pomps.— For  small  pumps,  it  is  customary  to  assume  a 
speed  of  100  ft.  per  minute,  but,  in  the  case  of  very  small  short-stroke  pumps, 
tnis  is  too  high,  owinr  to  the  fact  that  the  rapid  reverses  make  the  flow 
through  the  valves  and  change  in  the  direction  of  the  current  too  frequent. 
When  the  stroke  of  the  pump  is  somewhat  longer  (18  in.  or  more),  higher 
speeds  can  be  employed,  and  in  the  case  of  large  pumping  engines  having 
lonff  strokes,  speeds  of  as  much  as  200  to  250  ft.  per  minute  are  successfully 
used  without  iar  or  hammer. 

Boilor  Food  •Pomps.— In  practice,  it  haB  been  shown  that  a  piston  speed 
greater  than  100  ft.  per  minute  results  in  excessive  wear  and  tear  on  a 
boiler  feed-pump,  especially  when  the  water  is  warm.  This  is  due  to  the 
fact  that  vapor  forms  in  the  cylinders,  and  results  in  a  water  hammer.  In 
determining  the  proper  size  or  a  pump  for  feeding  a  steam  boiler,  not  only 
the  steam  employed  in  running  the  engine,  but  that  necessary  for  the 
pumps,  heating  system,  etc  must  be  taken  into  consideration. 


^ 


THEORETICAL  CAPAOITY  OF  PUMPS  AND  THE  HORSEPOWER 

REQUIRED  TO  RAISE  WATER. 

Let  Q    ==  cubic  feet  of  water  per  minute; 

0  =  U.  8.  gallons  per  minute; 
G"    =  U.  8.  gallons  per  hour; 

d    «  diameter  of  cylinder  in  inches; 

1  =  stroke  of  piston  in  inches; 

N  =  number  single  strokes  per  minute; 

V  as  speed  of  piston  in  feet  per  minute; 

W  —  weight  moved  in  pounds  per  minute; 

P  s=  pressure  in  pounds  per  square  feet  =  62.5  X  Hi 

p  =  pressure  in  pounds  per  square  inch  =  .433  X  Ja  • 

H  =  height  of  lift  in  feet; 
H.  P.  =  horsepower. 

Then.  Q -J.  ^.  ^  =  .0004545  iyrd2/. 


4      231 
The  diameter  of  piston  required  for  a  given  capacity  per  minute  will  be 

d  =  46.9^^  -  17.15^1^,  or  d  =  13.54^  =  4.95^. 

The  actual  capacity  of  a  pump  will  vary  from  eojt  to  96jf  of  the  theoretical 
capacity,  depending  on  the  tightness  of  the  piston,  valves,  suction  pipe,  etc. 

QP   ^  QgXl44X.433       QH  Qp 

"  33,000  33,000  "  529.2  "  1,714.6' 

The  actual  horsepower  reauired  will  be  considerably  greater  than  the 
theoretical,  on  account  of  the  triction  in  the  pump;  hence,  at  least  20^  should 
be  added  to  the  power  for  friction  and  usually  about  5M  more  is  added  to 
cover  leaks,  etc.,  so  that  the  actual  horsepower  required  by  the  pump  is 
about  lOji  more  than  the  theoretical. 

Example  1.— If  it  is  desired  to  find  the  size  of  a  pump  that  will  throw 
30  gal.  of  water  per  minute  up  125  ft.,  from  the  bottom  of  a  pit  or  prospect 
shaft  to  the  station  pump  at  the  main  shaft,  it  may  be  accomplished  as 
follows: . 

An  allowance  of  probably  25^  should  be  made  with  a  small  pump  of  this 
character,  to  overcome  slippage  or  leaking  through  the  valves,  past  the  piston, 
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etc.,  and  hence  we  will  call  the  total  amount  of  water  to  be  handled  40  gal 
per  minute.    The  formula  for  the  diameter  of  piston  is 


'•«»Vl- 


AggnTning  that  v  =  100  ft  per  minute,  we  have 

d  =  4.95/1  =  4.95  X  .63  -  3.13. 

In  practice,  a  8^"  pump  would  probably  be  employed. 

Example  2.— If  it  is  desired  to  find  the  approximate  horsepower  necessary 
to  lift  30  gal.  per  minute  in  the  above  example,  without  determining  the  size 
of  the  pump,  it  can  be  done  as  follows: 

H  P  =  ^^  =  30X.433X1^  ^        ^^  practically  1  H.  P. 
1,714.5  1,714.6  '       V^^^^^^^n  J^  *i.  *• 

In  order  to  cover  leakage  through  valves,  fHction,  etc.,  an  addition  of  at 
least  lbf>  should  be  made  \o  a  very  small  pump  like  this,  and  so  we  would 
count  on  If  H.  P. 

Dftpth  of  Suction.— Theoretically,  a  perfect  pump  will  raise  water  to  a 
height  of  nearly  34  ft.  at  the  sea  level;  but,  owing  to  the  fact  that  a  perfect 
vacuum  can  never  be  attained  with  the  pump,  that  the  watfer  always  con- 
tains more  or  less  air,  and  that  more  or  less  watery  vapor  will  form  below 
the  piston,  it  is  never  possible  to  reach  this  theoretical  limit,  and,  in  practice, 
it  is  not  possible  to  draw  water  much,  if  any,  over  30  ft.  at  tne  sea  level,  even 
when  the  water  is  cold.  Warm  water  cannot  be  lifted  as  high  as  cold  water, 
owing  to  the  fact  that  a  larger  amount  of  waterv  vapor  forms.  With  boiler 
feed-pumps  handling  hot  water,  the  water  snould  flow  to  the  pumps 
by  gravity. 

Amount  of  Wator  Raised  by  a  Single-Aoting  Lift  Pomp.— In  the  case  of  all 
pumps  having  a  piston  or  ram.  the  amount  of  water  lifted  is  usually  con- 
siderably less  than  the  piston  displacement,  owing  to  the  leakage  through 
the  valves,  etc.,  but  with  single-acting  lift  pumps,  having  bucket  plungers 
with  a  clack  valve  in  the  plunger,  the  amount  lifted  may  actually  exceed 
the  plunger  displacement,  that  is!  the  volume  of  water  may  actually  be 
greater  than  the  length  of  the  stroke  multiplied  by  the  number  of  strokes, 
for,  during  the  up  stroke,  the  water  both  above  and  oelow  the  piston  is  set  In 
motion,  and  during  the  down  stroke,  the  inertia  of  the  water  actually  carries 
moce  water  through  the  valve  than  would  pass  through  it  on  account  of  the 
space  passed  through.  This  increases  as  the  speed  or  number  of  strokes 
increases. 

Pump  Valves.— As  a  rule,  a  large  number  of  small  valves  having  a  compar- 
atively small  opening  are  preferable  to  a  small  number  of  large  valves  with 
a  greater  opening,  and  most  modem  pumps  are  built  upon  these  lines.  A 
small  valve  represents  a  proportionately  larger  surface  or  discharge  with  the 
same  lift  than  the  large  valve,  hence  whatever  the  total  area  of  the  valve- 
seat  opening,  its  full  contents  can  be  discharged  with  less  lift  through 
numerous  small  valves  than  through  one  large  valve.  Cornish  pumps 
generally  have  one  large  metal  valve. 

Power  Pumps.— Where  comparatively  small  amounts  of  water  are  to  be 
handled,  and  power  is  available,  belt-driven  power  pumps  are  very  much 
more  efficient  than  small  steam  pumps. 

EleotrlGslly  Driven  Power  Pumps.— Where  water  is  to  be  delivered  fh)m 
isolated  workings  to  the  sumps  for  the  large  station  pumps,  electrically 
driven  power  pumps  are  far  more  efficient  than  steam  pumps.  In  some 
cases  it  is  probably  best  to  equip  the  entire  mine  with  electric  pumps,  both 
in  the  isolated  workings  and  at  the  stations,  on  account  of  the  fact  that  they 
can  be  driven  by  a  hign-class  compound-condensing  engine  on  the  surface, 
directly  connected  to  a  generator,  and  fUmishing  electricity  through  con- 
ductors to  the  various  pumps. 

The  total  efficiency  of  a  series  of  small  electric  pumps  that  aggregate  a 
sufficient  amount  of  power  to  enable  this  arrangement  to  be  used,  is  very 
much  higher  than  the  total  efficiency  of  a  number  of  small  isolated  steam  or 
compressed-air  pumps  introduced  into  the  workings.  With  compound* 
conoensing  engines  upon  the  surface,  operating  electric  pumps  underground, 
the  stesim  consumption  per  pump  horsepower  per  hour,  for  the  smaller 
sizes,  would  only  be  about  40  lb.  per  horsepower  per  hour;  fbr  medium-sized 
electric  pumps,  about  30  lb.  of  steam  per  nour,  and  lareer  sizes  fh>m  20  to 
30  lb.  per  horsepower  per  hour.    It  will  be  seen  ftom  these  figures  that  fat 
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imin^ng  from  Isolated  portione  of  the  mine  the  electric  pump  Ib  much  more 
efflclem  thiiQ  the  Bteam  pump,  imd  owing  to  the  &ot  that  the  current  can 
n^quently  be  oblalned  fiom  the  lines  operating  the  undergtuund  baiilase 
syufem,  fiirnlsJiing  liaflt,  etc.,  it  la  evident  that  this  aystem  of  pnmping  hu 
agreatnilure  before  It  In  connection  Willi  mining. 

The  following  table  gives  the  gallons  pet  minute  dellTered  Irom  vuIoub 
elzed  pumps  operating  at  different  piston  speeds: 

Puup  AND  Water  Meuobanda. 


t  eal.  =  SSI  cu.  In.  =  .13368  en.  ft,    1  gal.  of  water 
LCU.it.  of  water  ^  7.48<»3pa.,aiid  welgha62.«231b. 
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MISOCLLANCOUS    FORMS  CP  WATER   ELEVATORS. 

J»t  Pimp.— In  this  form,  the  energy  of  the  jet  of  water  is  utilized  for 
raising  a  larger  volume  through  a  small  distance,  or  a  mixture  of  water  and 
solid  material  through  a  short  distance. 

Vaouom  Pimp.— The  pulsometer,  which  is  the  most  important  representa- 
tive of  this  class,  consists  of  two  chambers  in  a  larae  casting,  with  suitable 
automatic  valves  arranged  at  the  top  and  bottom  ofthe  chambers.  Steam  is 
introduced  into  one  ofthe  chambers,  then  the  valve  at  the  top  closed.  This 
steam  will  condense,  forming  a  vacuum  that  draws  water  fh>m  the  suction 
into  the  chamber.  When  the  chamber  is  filled  with  water,  steam  is  again 
introduced  and  forces  the  water  out  through  the  discharge  pipe.  The 
operation  is  then  repeated,  more  water  being  drawn  in  by  the  condensation 
ofthe  steam.  The  two  chambers  work  alternately,  one  being  engaged  in 
drawing  water  in  while  the  other  forces  it  out.  The  total  steam  efficiency 
of  thisTorm  of  pump  is  small,  though  it  may  actually  be  above  that  of  small 
steam  pumps  employed  in  isolated  portions  of  a  mine.  The  advantages  are 
that  the  pump  possesses  no  intricate  mechanism,  no  reciprocating  parts, 
requires  no  luorication,  and  is  not  injured  by  gritty  or  acid  materials.  On 
this  account  it  may  be  employed  for  pumping  water  in  concentration  works, 
coal-washing  plants,  and  dmilar  places  where  the  water  is  liable  to  contain 
grit  or  dirt. 

Air-Lift  Pumps.— By  introducing  compressed  air  at  the  bottom  of  a  pipe 
submerged  in  any  liauid,  the  air  m  the  pipe  rises  as  bubbles,  and  so  reduces 
the  specific  gravity  of  the  fluid  in  the  pipe.  This  causes  the  fluid  in  the  pipe 
to  rise  above  the  level  of  that  surrounding  the  pipe.  The  difference  in 
specific  gravity  can  never  be  great,  and  nence  the  fluid  can  never  be 
elevated  ro  any  considerable  height  without  having  the  lower  end  immersed 
to  a  correspondingly  great  depth.  On  this  account  it  is  flrequently  necessary 
to  drill  a  well  cor^derably  below  the  water-bearing  strata,  so  as  to  obtain 
the  proper  ratio  between  the  submerged  portion  of  the  pipe  and  the  height 
to  wnicn  the  water  is  to  be  lifted.  Some  advantages  oi  this  form  of  pump 
are  that  there  are  no  moving  parts,  no  lubrication  is  required,  and  gritty 
material  does  not  interfere  with  the  operation.  If  the  pump  is  constructed 
of  suitable  material,  it  may  be  employed  for  handling  acids  or  solutions  in 
electrolytic  or  chemical  works.  Tnis  style  of  pump  is  idso  quite  extensively 
employed  for  pumping  water  from  Artesian  wells.  It  has  not  been  succea^m 
as  a  mine  pump,  owing  to  the  ratio  between  the  part  immersed  and  the  lift 

Centrifugal  Pumps.— The  height  of  lift  depends  on  the  tangential  velocily 
of  the  revolving  disk  of  pump  and  the  quantity  of  water  discharged,  and  is 

Sroportional  to  the  area  ofthe  discharge  orifices  at  the  circumference  of  the 
isk.  The  most  efficient  total  lift  for  the  centriftigal  pump  is,  approximately, 
17  ft.,  and  for  small  lifts  the  centrifugal  pump  is  much  more  efficient  than 
any  style  of  piston  pump.  For  a  given  lift,  the  total  efficiency  of  a  centrif- 
ugal pump  increases  with  the  size  of  the  pump.  CentrifUg^  pumps  are 
always  designated  by  the  size  of  their  outlet,  as,  for  instance,  eiTfoxAf*  pump, 
meaning  with  a  2"  or  4"  discharge  pipe.  Centrifugal  pumps  are  not  at 
all  effective  for  dealing  with  great  neads,  and  hence  have  never  come 
into  competition  with  piston  pumps  for  this  class  of  *work.  For  lifting 
lar^  volumes  of  water  against  a  low  head,  as  in  irrigation  or  drainage 
problems,  they  are  remarkably  efficient.  Under  the  most  favorable  circum- 
stances, the  efficiency  of  the  centrifugal  pump  may  be  practically  70j(;  that  is, 
the  pump  may  do  an  amount  of  work  upon  the  water  that  is  theoretically 
equal  to  705(  of  the  power  fUmished  to  the  pump.  Pumping  engines  work- 
ing against  high  heads,  and  operated  by  the  most  improve  class  of  engines, 
may  attain  an  efficiency  of  practically  85^. 

Centrifugal  Pump  as  a  Dredge.— When  dredging  is  done  by  means  of  centrif- 
ugal pumps,  a  greater  amount  of  power  is  necessary,  and  the  pump  has  to 
be  run  at  a  greater  speed  than  when  pumping  water,  owing  to  the  fact  that 
the  fluid  being  handled  has  a  greater  density  than  water.  When  dealing 
with  fine  sand,  as  much  as  60^  of  the  bulk  of  the  material  handled  may  be 
sand,  though,  as  a  rule,  the  amount  of  solid  material  in  the  water  dreaged 
only  runs  from  305(  to  3656  of  the  total. 

Water  Buckets.— Where  only  a  limited  amount  of  water  collects  in  the 
mine  workings,  it  is  frequently  removed  by  means  of  a  special  water  bucket 
or  water  car  during  the  hours  that  the  hoisting  ensfine  would  otherwise  be 
idle.    Where  very  large  amounts  of  water  are  to  be  removed,  it  has  also 
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been  found  economical  to  remove  them  by  means  of  special  water  buckets. 
This  is  especially  true  in  the  case  of  deep  shafts. 

One  of  the  best  illustrations  of  this  class  of  work  is  the  Oilberton  water 
shaft,  which  has  been  equipped  at  the  Gilberton  Ck>lliery  of  the  Phila- 
delphia and  Reading  C!oal  &  iron  Ck>.  The  collieries  draining  to  this  shaft 
require  the  removal  of  6,000,000  gal.  of  water  per  24  hours  during  the  wet 
season,  and  this  has  to  be  lifted  from  a  depth  of  1,100  ft.  In  order  to  accom- 
plish the  work  by  means  of  steam  pumps,  it  required  a  number  of  pump 
stations  in  different  parts  of  the  mine,  each  of  which  had  to  be  attended  by 
a  pumpman,  and  a  large  number  of  steam  lines  were  required  in  the  mine. 
In  order  to  remove  the  danger  of  fire  caused  by  these  steam  lines,  and  to 
dispense  with  the  large  amount  of  labor  otherwise  necessary,  it  was  decided  to 
hoist  the  water,  and  a  shaft  22  ft.  X  26  ft.  8  in.  outside  of  timbers,  was  sunk. 
This  shaft  contains  two  compartments  7  ft.  x  7  ft.,  in  which  the  water 
buckets  are  operated,  and  two  compcurtments  7  ft.  X  11  ft.  8  in.  that  are 
utilized  for  cages  to  lower  men,  timber,  and  other  supplies.  The  water 
tanks  employed  in  the  special  water  compartments  are  5  ft.  6  in.  in  diameter, 
and  14  ft.  long.  They  are  provided  with  a  special  device  sliding  on  regular 
cage  guides,  and  empty  themselves  automatically  at  the  surface  by  means 
of  a  trip  or  sliding  valve.  Two  pairs  of  direct-acting  hoisting  engines,  with 
45"  X  60"  cylinders,  operating  drums  14  ft.  8  in.  in  diameter  by  16  ft.  flice, 
are  employed.  These  operate  the  water  buckets  in  cages  by  means  of  2" 
crucible  steel  ropes,  at  50  revolutions  per  minute,  which  is  equivalent  to  a 
piston  speed  of  500  ft.  per  minute.  The  drums  will  hoist  two  tanks  of  2,400 
gal.  per  minute.  This  gives  an  output  of  7,000,000  gal.  per  24  hours.  By 
slightly  increasing  the  speed  of  the  engine  this  amount  can  be  increased  IM, 
which  is  25^  in  excess  of  the  calculated  maximum  demand  on  the  shaft. 
The  cages  in  the  cage  compartments  are  so  arranged  that  they  can  be  discon- 
nected, and  water  buckets  substituted  for  them.  This  would  be  a  total 
output  of  over  14,000,000  gal.  per  24  hours  at  the  normal  speed  of  the 
engine.  One  great  advante^e  or^  this  style  of  pumping  plant  is  that  there  is 
absolutely  no  fear  of  drowning  the  pumps. 

Some  years  ago  the  Hamilton  iron  mine,  in  Michigan,  was  drowned  by 
a  sudden  inrush  of  water  that  drove  the  pumpmen  ftom  the  pumps.  In 
order  to  remove  this  large  volume  of  water,  special  bailing  buckets  were 
substituted  for  the  ordinary  mine  skips.  These  bailing  buckets  ran  on  the 
inclined  skip  road,  and  unwatered  the  mine  in  a  remarkably  short  time. 

Sinking  Pumps.— Sinking  pumps  may  be  either  single  or  duplex  in  their 
action,  and  may  be  inside  or  outside  packed.    Outside-packed  single-acting 

1>ump6  are  in  many  ways  preferable,  owing  to  the  fact  that  they  are  less 
iable  to  get  out  of  order.  One  requisite  of  any  sinking  pump  is  that  it  should 
have  as  lew  exposed  parts  as  i)088ible,  and  that  these  parts  should  be  so  placed 
that  they  will  oe  protected  from  injury  by  blasting  to  as  great  an  extent  as 
X>ossible.  Sinking  pumps  are  usually  provided  with  a  telescopic  section  in  the 
suction  pipe,  and  sometimes  also  in  the  discharge  pipe,  so  that  they  can  hn 
moved  down  several  feet  without  having  to  break  the  joints  of  the  piping. 
Pumpa  for  Aoid  Waters.— Where  mine  waters  are  acid  in  their  nature,  brass 
or  bras&-lined  pumps  are  usually  employed, 
and  in  some  cases  even  wooden  pumps 
have  been  used,  as,  for  instance,  in  the 
Swedish  copper  mines,  though  this  prac- 
tice is  disappearing  in  fiivor  of  the  use  of 
brass  or  copper  linings.  The  pipes  for  such 
pumps  should  be  of  brass  or  copper  tubing, 
or  should  be  lined  with  some  substance 
that  will  not  be  affected  by  the  acid  of  the 
water.  Sometimes  wooden  linings  are  em- 
ployed, placed  as  shown  in  Figs.  21  and  22, 
Fig.  21  being  a  section  of  the  pipe  with  the 
limng  complete,  and  Fig.  22  a  cross-section 
of  one  of  the  individual  hoards  used  in  the 
lining.  These  are  usually  made  of  pine 
about  I  in.  thick,  and  are  grooved  on  each 
end  as  shown.  They  are  sprung  in  so  as  to  complete  a  circle  on  the  inside 
of  the  pipe,  and  then  long,  thin,  wooden  keys  driven  into  the  grooves. 
When  tne  water  is  allowed  to  go  into  the  pipes,  the  linings  swell  and  make 
all  joints  perfectly  tight.  Elbows  and  other  crooked  sections  are  lined  with 
sheet  leAd  beaten  In  with  a  mallet. 
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FUELS. 

The  Talue  of  any  Aiel  is  measured  bv  the  number  of  heat  units  that  its 
combustion  will  generate,  a  unit  of  heat  being  the  amount  required  to  heat 
1  lb.  of  water  1°  F.  The  ftiels  used  in  generating  steam  are  composed  mainly 
of  carbon  and  hydrogen,  ash,  and  moisture,  with  sometimes  small  quantities 
of  other  substances  not  materially  affecting  their  value. 

Combuatible  is  that  portion  wnich  will  bum;  the  ash  or  residue  varies 
ftom  2^  to  3^  in  different  fUels. 

The  following  table  gives,  for  the  more  common  combustibles,  the  air 
required  for  complete  combustion,  the  temperature  with  different  proportions 
of  air,  the  theoretical  value,  and  the  highest  attainable  value  under  a  steam 
boiler,  assuming  that  the  gases  pass  off  at  320°,  the  temperature  of  steam  at 
75  lb.  pressure,  and  the  incoming  draft  to  be  at  60°;  also,  that  with  chimney 
draft  twice  and  with  blast  only  the  theoretical  amount  of  air  is  required  for 
combustion. 

Table  op  Combustibles. 


Kind  of 
C!ombustible. 


Hydrogen 

Petroleum 

{Charcoal ) 
Coke > 
Anthracite ) 

Coal,  Cumberland, 

Coal,  Coking  bituminous 

Coal,  Cannel 

Coal,  Lignite 

Peat,  Kiln  dried 

Peat,  Air  dried,  25j(  water 

Wood,  Kiln  dried 

Wood,  Air  dried,205<  water 


is 

4 


Temperature  of 
Combustion. 


36.00  5,750 
15.43  5,050 

12.13  4,580 


12.06 


4,900 


11.73  5,140 
11.804,850 
9.3014,600 


7.68 
5.76 
6.00 
4.80 


4,470 
4,000 
4,080 
3,700 


3,860 
3,515 

3,215 

3,360 
3,520 
3,330 
3,210 
3,140 
2,820 
2,910 
2,607 


2,860 
2,710 

2,440 

2,550 
2,680 
2,540 
2,490 
2,420 
2,240 
2,260 
2,100 


it: 

00  *M 

«  o 


1,940 
1,850 

1,650 

1,730 
1,810 
1,720 
1,670 
1,660 
1,550 
1,530 
1,490 


Theoretical 
Value. 


/S  o   • 

'Sfel 

I 


62,032 
21,000 

14,500 

15,370 

15,837 

15,080 

11,745 

9,660 

7,000 

7,245 

6,600 


m 
in 


64.20 
21.74 

15.00 

15.90 

16.00 

15.60 

12.15 

10.00 

7.26 

7.50 

6.80 


Highest 
Attunable 
Value  Un- 
der Boiler. 


18.55 

13.30 

14:28 

14.45 

14.01 

10.78 

8.92 

6.41 

6.64 

4.06 


"3  . 

SJOQ 


19.90 

14.14 

15.06 

15.19 

14.76 

11.46 

9.42 

6.78 

7.02 

4.39 


The  effective  value  of  all  kinds  of  wood  per  pound,  when  dry,  is  substan- 
tially the  same.  This  is  usually  estimated  at  .4,  me  value  of  the  same  weight 
of  coal.  The  following  are  the  weights  and  comparative  values  of  different 
woods  by  the  cord: 


Wood. 

Weight. 

Wood. 

Weight. 

Hickory  (shell  bark)  

Hickory  (red  heart) 

Whiteoak       

4,469 
3,705 
8,821 
3,254 
2,325 
2.137 

Beech 

Hard  maple 

Southern  pine 

8,126 
2,878 
8,875 

Red  oak 

Virginia  pine 

Yellow  pine 

2,680 

Spfl2(*Q          

1.904 

l^w  Jersey  pine 

White  pine 

1,868 

SLACK. 

• 

Much  is  said  nowadays  about  the  wonderAil  saving  that  is  to  be  expected 
from  the  use  of  petroleum  for  ftiel.  This  is  all  a  myth,  and  a  moment's 
attention  to  facts  is  sufficient  to  convince  any  one  that  no  such  possibility 
exists.  Petroleum  has  a  heating  capacity,  when  ftilly  burned,  equal  to  from 
21,000  to  22,000  B.  T.  U.  per  lb.,  or,  say,  50^  more  than  coal.  But,  owing  to 
the  ability  to  bum  it  with  less  losses,  it  has  been  found,  through  extended 
experiments  bv  the  pipe  lines,  that  under  the  same  boilers,  and  doing  the 
same  work,  1  lb.  of  petroleum  is  equal  to  1.8  lb.  of  coal.  The  experiments  on 
locomotives  in  Russia  have  shown  practically  the  same  value,  or  1.77.  Now, 
a  gallon  of  petroleum  weighs  6.7  lb.  (though  the  standard  buying  and  selling 
weight  is  6.5  lb.),  and  therefore  an  actual  gallon  of  petroleum  is  equivalent 
under  a  boiler  to  12  lb.  of  coal,  and  190  standard  gallons  are  equal  to  a  gross 
ton  of  coal.  It  is  very  easy  with  these  data  to  determine  the  relative  cost. 
At  the  wells,  if  the  oil  is  worth,  say,  2  cents  a  gallon,  the  cost  is  equivalent 
to  93.80  per  ton  for  coal  at  the  same  place,  while  at,  say.  3  cents  per  gallon, 
the  lowest  price  at  which  it  can  be  delivered  in  the  viciiiity  of  New  York,  it 
costs  the  same  as  coal  at  t5.70  per  ton.  The  Standard  Oil  Company  estimates 
that  173  gal.  are  equal  to  a  gross  ton  of  coal,  allowing  for  incidental  savings, 
as  in  grate  bars,  carting  ashes,  attendance,  etc. 

Sawdust  can  be  utilized  for  ftiel  to  good  advantage  by  a  special  iUmace 
and  automatic  feeding  devices.  Spent  tan  bark  is  also  usea,  mixed  yriilL 
some  coal,  or  it  may  be  burned  without  the  coal  in  a  proper  fUmace.  Its 
value  is  about  one-fourth  that  of  the  same  weight  of  wood  as  it  comes  from 
the  press,  but,  when  dried,  its  value  is  about  8$  of  the  same  weight  of  wood 
in  same  state  of  dryness. 

It  has  been  estimated  that,  on  an  average,  1  lb.  of  coal  is  equal,  for  steam- 
making  purposes,  to  2  lb.  dry  peat,  2i  to  2i  lb.  dry  wood,  2i  to  3  lb.  dried  tan 
bark,  2f  io  3  lb.  cotton  stalks,  8i  to  3|  lb.  wheat  or  barley  straw,  and  6  to  8  lb. 
wet  tan  bark. 

Natural  gas  varies  in  quality,  but  it  is  usually  worth  2  to  2^  times  the  same 
weight  of  coal,  or  about  30,000  cu.  ft,  are  equal  to  a  ton  of  coal. 

Slaok,  or  the  screenings  from  coal,  when  properly  mixed— anthracite  and 
bituminous— and  burned  by  means  of  a  blower  on  a  grate  adapted  to  it,  is 
nearly  equal  in  combustible  value  to  coal,  but  its  percentage  of  refuse  is 
greater. 

The  accompanying  table  of  proximate  analyses  and  heating  values  of 
American  coals  was  comniled  by  Mr.  William  Kent,  for  the  1898  edition  of 
the  Babcock  &  Wilcox  Co.'s  book,  "  Steam."  The  analyses  are  selected 
from  various  sources,  and.  in  general,  are  averages  of  many  samples.  The 
heating  values  per  pound  of  combustible  are  either  obtained  from  direct 
calorimetric  determinations  or  calculated  from  ultimate  analyses,  except 
those  marked  (?),  which  are  estimated  from  the  heating  values  of  coals 
of  similar  composition.  The  figures  in  the  last  column  are  obtained  by 
dividing  the  figures  in  the  preceding  column  by  965.7,  the  number  of  heat 
units  required  to  evaporate  1  lb.  of  water  at  212°  into  steam  of  the  same 
temperature. 

The  heating  values  per  pound  of  combustible  given  in  the  table,  except 
those  marked  (?) ,  are  probably  within  3^  of  the  average  actual  heating  values 
of  the  combustible  portion  of  the  coals  of  the  several  districts,    when  the 

Eercentage  of  moisture  and  ash  in  any  given  lot  of  coal  is  known,  the 
eating  value  per  pound  of  coal  may  be  found,  approximately,  by  multi- 
plying the  heating  value  per  pound  of  combustible  of  the  average  coal  of  the 
district  by  the  dmerence  between  lOOjt  and  the  sum  of  the  percentages  of 
moisture  and  ash. 

The  heating  effect  is  calculated  on  the  basis  of  the  coal  burned  to  carbon 
dioxide  and  liquid  water  at  100°  C,  and  is  stated  either  in  calories  per  kilo- 
gram or  English  heat  units  per  pound.  The  theoretical  evaporative  effect  is 
cidculated  by  dividing  the  number  of  calories  per  kilogram  by  536,  or  the 
number  of  English  heat  units  per  pound  by  965.  In  either  case,  it  expresses 
the  theoreticalnumber  of  kilograms  or  pounds  of  water  converted  into  steam 
from  and  at  100°  C,  by  1  kilogram  or  1  lb.  of  coal. 

A  committee  of  the  Western  Society  of  Engineers,  of  Pittsburg,  report 
that  1  lb.  of  good  coal  =  7i  cu.  ft.  of  natural  gas.  When  burned  with  just 
enou^  air,  its  temperature  of  combustion  is  4,200°  P.  The  Westinghouse 
Air  Brake  Co.  found  from  experiment  that  1  lb.  Youghiogheny  coal 
=a  12i  cu.  ft.  natural  gas,  or  1,000  cu.  ft.  natural  gas  =  81.6  lb.  coal.  Indiana 
natural  gas  gives  1,000,000  B.  T.  U.  for  1,000  cu.  ft.  and  weighs  .045  lb.  per 
on.  ft. 
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1  kilograia  ol 


rioc. 


1  French  calorie  ^  S.MS  British  thermal  unite. 
1  B.  T.  U.  —  ,!S3  calorie. 

1  lb.  calorie  ■=  |  B.  T.  U.  ^  .4536  calorie. 

The  heatlnE  value  of  any  coal  may  b«  calculated  ftom  lis  ultimate 
analysis,  with  a  probable  error  not  exceeding  2)1,  by  Duloi^'s  Ibnnula; 

Heating  value  per  lb.  -  IW  C  +  OX  (s -  ~\, 
In  which  C,  H.  and  0  are,  teepectlTely,  tbe  percentages  of  carbon,  hydrogen. 
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Heat  in  pound  calorie  =  8,080  C  +  84,462  Ih-^^\ 
or=-  8,080  C +  84,462  (if- ^)  +  2,250  5. 

Heat  in  B.  T.  U.  =  14,650  C  +  62,100  Ih-^\ 

in  which  C,  O,  H.  and  8  represent  the  weights  of  carbon,  oxygen,  hydro- 
gen, and  sulphur  in  1  lb.  of  the  substance. 

Composition  op  Fuels. 
{Mechanical  Drajl,  B.  F,  SturtevarU  Co.) 


Description. 


Anthracite. 

France  

Wales 

Rhode  Island 

Pennflylvania 

Semibituminotu. 

Maryland - 

Wales 

Bituminout. 

Pennsylvania 

Indiana 

Illinois  

Virginia 

Alabama  

Kentucky 

Cape  Breton 

Vancouver  Island 

Lancashire  gas  coal- 
Boghead  canneL 

Lignite. 

California  brown 

Australian  brown 

Petroleum. 
Pennsylvania  (crude). 

Caucaidan  flight) 

Caucasian  (heavy)  .... 
Reftise 


Carbon. 

Hydro- 

Oxy- 

Nitro- 

Sul- 

gen. 

gen. 

gen. 

phur. 

90.9 

1.47 

1.63 

1.00 

.80 

91.7 

3.78 

1.30 

1.00 

.72 

85.0 

8.71 

2.39 

1.00 

.90 

78.6 

2.58 

1.70 

.80 

.40 

80.0 

5.00 

2.70 

1.10 

1.20 

88.8 

4.70 

.60 

1.40 

1.80 

75.6 

4.93 

12.35 

1.12 

1.10 

69.7 

6.10 

19.17 

1.23 

1.30 

61.4 

4.87 

35.42 

1.41 

1.20 

57.0 

4.96 

26.44 

1.70 

1.50 

63.2 

4.81 

32.37 

1.62 

1.30 

49.1 

4.95 

41.13 

1.70 

1.40 

67.2 

4.26 

20.16 

1.07 

1.21 

66.9 

5.32 

8.76 

1.02 

2.20 

80.1 

5.50 

8.10 

2.10 

1.50 

63.1 

8.90 

7.00 

.20 

1.00 

49.7 

3.78 

30.19 

1.00 

1.53 

73.2 

4.71 

12.35 

1.11 

.63 

84.9 

18.70 

1.40 

86.3 

13.60 

.10 

86.6 

12.30 

1.10 

87.1 

11.70 

1.20 

Ash. 


4.3 

1.5 

7.0 

14.8 

8.3 
3.2 

5.0 
3.5 
5.7 
8.4 
6.7 
7.2 
6.1 

15.8 
2.7 

19.8 

13.8 
8.0 


CLASSIFICATION,  COMPOSITIOT^,  AND   PROPERTIES  CP  COALS. 

Coals  may  be  broadly  divided  into  two  classes:  Anthracite,  or  hard,  coal; 
and  bituminous,  or  soft,  coal. 

Anthraoite,  or  Hard,  Coal.— Specific  gravity,  1.30  to  1.70.  This  is  the  densest, 
hardest,  and  most  lustrous  or  all  varieties.  It  bums  with  little  flame  and 
no  smoke,  but  gives  a  ereat  heat.  Contains  very  little  volatile  combustible 
matter.  Color,  deep  Dlack,  shining;  sometimes  iridescent.  Fracture, 
conchoidal. 

Stmianthraoito  eoal  is  not  so  dense  nor  so  hard  as  the  true  anthracite. 
Its  percentage  of  volatile  combustible  matter  is  somewhat  greater,  and  it 
ignites  more  readily. 

Bitimlnous.  or  Soft.  Coal.— Specific  gravity,  1.25  to  1.40.  It  is  generally 
brittle;  has  a  bright  pitchy  or  greasy  luster,  and  is  rather  fragile  as  compared 
with  anthracite.  It  bums  with  a  yellow  smoky  flame,  and  gives,  on  distil- 
lation, hydrocarbon  oils  or  tar. 

Under  the  term  "  bituminous  "  are  included  a  number  of  varieties  of  coal 
that  differ  materially  under  the  action  of  heat,  giving  rise  to  the  general 
classification:  Coking  or  caking  coals,  and  free-buming  coals. 

Semibituminoos  ootl  has  the  same  general  characterisncs  as  the  bituminous, 
although  it  is  usually  not  so  bard,  and  its  fracture  is  more  cuboidal.   The 
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percentafi;e  of  volatile  combustible  matter  is  less.  It  kindles  readily,  and 
Durns  quickly  with  a  steady  fire,  and  is  much  valued  as  a  steam  coal. 

Coking  ooals  are  those  that  become  pasty  or  semi  viscid  in  the  fire;  and, 
when  heated  in  a  close  vessel,  become  {Mtrtially  fUsed  and  agglomerate  into  a 
mass  of  coherfent  coke.  This  property  of  coking  may,  however,  become 
greatly  impaired,  if„  indeed,  not  entirely  destroyed,  by  weathering. 

Free-burning  coals  have  the  same  general  characteristics  as  the  coking 
coals,  but  they  bum  A'eely  without  softening,  and  do  not  fuse  or  cake 
together  in  any  sensible  degree. 

Splint  coal  has  a  dull  black  color,  and  is  much  harder  and  less  frangible 
than  the  coking  coal.  It  is  readily  fissile,  like  slate,  but  breaks  with 
difficulty  on  cross-fracture.  It  ignites  less  readily,  but  makes  a  hot  fire, 
constituting  a  good  house  coal. 

Weights  and  Measurements  of  Coal. 
{Ck)ze  Bros.  A  Co.,  Chicago,  lU.) 


Coal. 


Lehigh  lump- 

Lehigh  cupola 

Lehigh  broken 

Lehigh  egg 

Lehigh  stove 

Lehigh  nut 

Lehigh  pea 

Lehigh  buckwheat... 
Lehigh  dust 


91      Weight 
g      Cubic  F< 
«         Pound 

Cubic  F 
per  To 
2,000  L 

36.19 

55.52 

36.02 

56.85 

35.18 

67.74 

34.63 

58.16 

34.39 

58.26 

34.32 

53.18 

37.60 

54.04 

37.01 

67.26 

34.93 

Coal. 


Free-burning  egg... 
Free-burning  stove 
Free-burning  nut... 

Pittsburg  

Illinois  

Connellsville  coke 

Hocking 

Indiana  block 

Erie 

Ohio  cannel 


9  d^ 


K 


36.67 
35.50 
35.16 
43.03 
42.35 
76.04 
40.56 
45.61 
41.61 
40.66 


Ctnnel  coal  difi'ers  from  the  ordinary  bituminous  coal  in  its  texture.  It  is 
compact,  with  little  or  no  luster  and  without  any  appeaxance  of  a  banded 
structure.  It  breaks  with  a  smooth  conchoidal  fracture,  kindles  readily,  and 
bums  with  a  dense  smoky  flame.  It  is  rich  in  volatile  matter,  and  makes  an 
excellent  gas  coal.    Color,  dull  black  and  grayish  black. 

Lignite,  or  brown  ooal,  often  has  a  lamellar  or  woody  structure;  is  some* 
times  pitch  black,  but  more  often  rather  dull  and  brownish  black.  It  kindles 
readily  and  bums  rather  freely  with  a  yellow  flame  and  comparatively  little 
smoke,  but  it  gives  only  a  moderate  heat.  It  is  generally  non-coking.  The 
percentage  of  moisture  present  is  invariably  high— from  10j(  to  30j(. 

The  subdivisions  given  above  are  entirely  arbitrary,  as  the  different 
varieties  of  coal  are  found  to  shade  insensibly  into  one  another.  The  follow- 
ing are  two  classifications  according  to  percentages  of  volatile  combustible 
matter: 

Classification  of  Coal  According  to  Volatile  Combustible. 


Coal. 


Anthracite  

Semianthracite 
Semibituminous 

Bituminous 

Lignite 


Per  Cent. 


2.5  to  6 
7  to  10 
12  to  20 
over  20 


Kent, 
Per  Cent. 


Oto7 

7.5  to  12 

12.5  to  25 

25  to  50 

over  50 


The  Composition  of  Coals.— A  proximate  analysis  determines  the  proportion 
of  those  products  of  a  coal  having  the  most  important  bearing  on  its  uses. 
These  substances  as  usually  presented  are:  Moisture,  or  water,  volatile  com- 
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bostible  matter,  fixed  oarbon,  sulphur,  and  ash.  In  addition  io  these,  the 
following  physical  properties  are  generally  given:  Color  of  ash,  speoiflo 
gravity,  and  strength  or  hardness.  The  detennination  of  these  eight  Okctori 
gives  a  fedr  general  idea  of  the  adaptabilities  of  a  coal. 

Moisture,  or  water,  in  coal,  has  no  ftiel  value,  is  an  inert  constituent,  dug, 
handled,  and  hauled,  and  flnallv  expelled  at  a  cost  of  fUel.  Each  per  cent, 
of  moisture  means  20  lb.  less  ftiel  for  each  ton  of  coal. 

Volatllt  oombustibis  mattsr  is  an  important  constituent  of  coal,  the  amount 
and  quality  decddi^  whether  a  oxkA  is  suitable  for  the  manufacture  of 
illuminating  ^s.  Tne  coking  of  coal  also  is  largely  dependent  on  this 
constituent,  when  a  large  percentage  of  volatile  combustible  matter  is 
present,  coals  ignite  easily  and  bum  with  a  long  yellow  flame,  and,  in 
ordinary  combustion,  give  out  dense  smoke,  and  form  soot.  This  quality 
niiULes  a  ftiel  obiectionable  for  railway  and  sometimes  for  naval  use. 

The  fixsd  oarBon  is  the  principal  combustible  constituent  in  coal,  and,  in 
bituminous  and  semibituminous  coals,  the  steaming  value  is  in  proportion  to 
the  percentage  of  fixed  carbon.  Though  the  fixed  carbon  of  a  coal  evapo- 
rates much  less  water  than  an  equivalent  weight  of  the  volatile  combustible 
matter  wh^i  properly  burnt,  in  practice,  so  much  of  the  latter  is  lost  through 
careless  firing,  or  improper  fUrnace  construction,  that  the  relative  steaming 
value  of  a  coal  may  be  fiEdrly  approximated  by  assuming  the  carbon  to  be 
the  only  usefhl  constituent. 

Siiphur  will  bum  and  develop  heat,  and  is  not  inert  like  moisture  and 
ash.  But  it  corrodes  grates  and  boilers;  in  the  blast  flunace  it  injures  iron, 
and  produces  a  hot  short  pig,  and  is  objectionable  in  coal  for  forge  use.  In 
gas  making,  the  sulphur  must  be  removed.  It  usually  occurs  in  coal  in  the 
form  of  iron  pyrites,  which,  oxidizing,  causes  disintegration,  and  sometimes 
spontaneous  combustion.    It  is  then  an  element  of  danger  and  loss. 

Ash  is  an  inert  constituent,  which  means  20  lb.  of  weight  to  be  handled 
and  20  lb.  loss  per  ton  of  coal  for  each  per  cent,  present.  Water  in  coal  is 
removed  at  the  cost  of  ftiel,  while  ashes  are  removed  at  extra  cost  of  labor. 
It  is  estimated  that  if  the  cost  of  stoking  coal  is  6f^  of  the  cost  of  coal  (coal 
at  93.00  per  ton,  and  labor  at  91.00  per  day),  and  with  cost  of  handling  ashes 
double  tnat  of  stoking  coal,  ^  of  ash  will  lessen  the  ftiel  value  of  coal  over 
6)(;  lOjt  ash,  over  12^;  and  so  on. 

The  color  of  the  ash  fUmishes  a  rough  estimate  of  the  amount  of  iron  con- 
tained in  a  fuel.  Iron  in  an  ash  makes  it  more  ftisible,  and  increases  its 
tendency  to  clinker.  In  domestic  consumption,  where  the  temperature  is 
low,  the  quantity  of  ash  is  of  more  importance  than  its  fUsibility,  but  for 
steam  purposes,  where  an  excessive  heat  is  required,  ashes  of  a  clinking 
coal  will  fuse  into  a  vitreous  mass  and  accumulate  upon  the  grate  bars  and 
exclude  the  passage  of  necessary  air.  The  practicability  of  employing  a  coal 
will  often  be  determined  by  the  quality  of  the  clinkering  of  the  ashes. 
Under  such  conditions,  such  coals  are  best  whose  ashes  are  nearly  pure 
white  and  which  contain  little  or  no  alkali  nor  any  lime,  and  do  not  contain 
silica  and  aliunina. 

The  speoiflo  gravity  is  an  important  factor  when  there  is  restriction  of 
space,  as  on  railway  cars  and  in  ship  bunkers.  A  given  bulk  of  anthracite 
coal  will  weigh  ttom  IQ^  to  155(  more  than  the  same  bulk  of  bituminous  coal, 
so  that  fh>m  10^  to  15^  more  pounds  of  ftiel  can  be  carried  in  the  same  place. 
The  average  specific  gravity  of  anthracite  coal  is  1.5,  and  a  cubic  yard  weighs 
about  2,531  lb. 

The  average  specific  gravity  of  American  bituminous  coals,  and  of  grades 
intermediate  between  tnem  and  anthracite,  is  about  1.825,  and  1  cu.  yd. 
weighs  about  2,236  lb. 

StreRfth  or  hardness  is  valuable  in  preventing  waste.  In  soft  coal,  much  is 
ground  to  dust  in  mining  and  at  the  tipple.  In  railway  transportation,  soft 
coal  is  crushed,  which  further  increases  the  loss,  and  the  coal  reaches  market 
in  bad  condition.  A  very  soft  coal  is  shipped  in  lump,  and  is  not  in  so  wide 
demand.  For  marine  use,  a  soft  coal  is  oojectionable,  because  of  disintegra- 
tion by  the  motion  of  the  ship.  Strength  is  a  requisite  for  the  use  of  raw 
coal  in  the  blast  ftirnace,  and  also  to  prevent  excessive  loss  of  coal  through 
the  grates  in  ordinary  fUmaces. 

Steaming  Coals.— For  steam  making,  the  superiority  of  coals  high  in  com- 
bustible constituents  is  admitted,  and  those  with  the  higher  percentage  of 
flx^  carbon  are  the  most  desirable.  But  the  consideration  of  the  steaming 
qualities  of  a  coal  involves,  also,  a  consideration  of  the  form  of  fUmace  and 
of  all  the  conditions  of  combustion.    The  evaporative  power  of  a  coal  in 
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practice  caimot  be  stated  without  reference  to  the  conditioiis  of  combustion, 
and  everv  practical  test  of  a  coal,  to  be  thorough,  should  lead  to  a  determi< 
nation  of  the  best  form  of  ftimace  for  that  cou,  and  should  fUmish  knowl- 
edge as  to  what  class  of  flimaces  in  actual  use  such  coal  is  specially  adapted. 
It  is  not  sufficient  that  in  comparative  tests  of  coals  the  same  conditions 
should  exist  with  each,  but  there  should  also  be  determined  the  best 
conditions  for  each  coal. 

Of  coals  high  in  fixed  carbon,  the  semianthracites  and  the  semibltumi- 
nous  rank  as  high  as  the  anthracites  in  meeting  the  various  requirements  of 
a  quick  and  efficient  steaming  coal. 

For  railway  use,  these  coals  have  been  found  to  excel  anthracites  in 
evaporatinfir  power.  The  comparative  absence,  in  semibituminous  coals,  of 
smoke,  which  means  loss  of  combustible  matter  as  well  as  discomfort  to  the 
traveler,  is  sufficient  to  suggest  the  superiority  of  these  coals  over  bituminous 
coals  for  such  use.  In  fact,  the  high  rate  of  combustion  and  the  strong  draft 
necessary  in  locomotives  is  i>articularly  un&vorable  to  the  economic  com- 
bustion of  bituminous  coal.  Such  semibituminous  coals  are  also  specially 
well  suited  for  small  tubular  boilers,  firebox  steam  boilers,  or  other  forms 
with  small  unlined  combustion  chambers,  in  which  the  gases  fix>m  bitumi- 
nous coals  become  cooled,  are  not  burnt,  and  deposit  soot  in  the  tubes. 

Steaming  coal  should  kindle  readily  and  bum  quickly  but  steadily,  and 
should  contain  only  enough  volatile  matter  to  insure  rapid  combustion.  It 
should  be  low  in  ash  and  sulphur,  should  not  clinker,  and  when  it  Is  to  be 
transported  should  not  easily  crumble  and  break. 

Cosis  for  Iron  Makinc.— For  the  manufacture  of  iron  and  for  metallurgical 
purposes,  coal  Is  chieny  used  after  being  converted  into  coke,  though  it  is 
also  used  to  a  limited  extent  in  the  raw  state.  Coal  directly  used  must  be 
strong  and  not  swell  nor  disintegrate  so  as  to  choke  the  Aimace.  It  should 
be  capable  of  producing  a  high  heat  and  should  not  contain  a  large  amount 
of  sulphur  or  phosphorus. 

Coke.— Ck>ke  is  tne  fixed  carbon  of  a  coal,  a  fUsed  and  porous  product  pro- 
duced by  the  distillation  of  the  gaseous  constituent.  For  metallurslcal  use, 
it  should  be  firm,  tough,  and  bright,  with  a  sonorous  ring,  and  should 
contain  not  over  14  of  sulphur.  For  blast-Aimace  use,  a  dense  coke  is 
objectionable,  and  the  best  is  the  one  with  the  largest  cell  structure  and  the 
hardest  eell  wall.  A  high  percentage  of  volatile  nydrocarbon  is,  as  a  rule, 
necessary  for  a  good  colang  coal. 

The  fusibility  of  the  carbon,  the  amoUnt  of  disposable  hydrogen,  the 
tenacity  with  which  the  gaseous  constituents  are  held,  all  affect  the  results 
in  coking.  Further,  coal  that  is  mined  near  the  outcrop,  and  has  been  sub- 
jected to  the  influence  of  the  weather,  loses  its  capacity  for  coking.  The 
process  of  manufacture  should,  however,  be  adapted  to  the  character  of  the 
coal,  as  it  has  an  important,  though  secondary,  influence  on  the  physical 
character,  uniformity  of  quality,  and  dryness  or  a  coke.  Coals  of  inferior 
grade  are  made  to  produce  good  coke  by  using  coke  ovens  in  which  the  heat 
of  the  gases  is  applied  externally  to  the  coke  chamber,  but  the  coal  is 
generally  first  carefUlly  crushed  and  washed.  Further,  the  depth  of  the 
charge  and  length  of  heating  have  an  important  bearing. 

As  at  present  understood,  and  in  the  present  mode  of  manufacture,  the 
essential  qualities  of  a  good  cokinc^  coal  are:  that  it  shall  contcdn  not  less  than 
20^  nor  more  than  30^  of  volatile  hydrocarbons,  and  not  too  much  ash;  that 
on  being  heated  it  must  pass  through  a  thoroughly  fhsed  or  pasty  condition; 
and  thi^  when  in  this  condition,  it  must  part  with  its  volatile  matter  in  such 
a  manner  as  to  form  innumerable  small  pores. 

If  a  coal  contains  less  than  20^  of  volatile  matter,  it  will  not  flise  properly, 
while  if  it  has  more  than  80^  the  porous  structure  will  be  unduly  developed 
at  the  expense  of  the  strength  of  the  pore  walls;  on  the  other  hand,  many. 
coals  lying  between  these  limits  will  not  ftise  at  all,  and  therefore  do  not 
coke,  while  others  fVise  properly  but  give  off  their  gas  so  as  to  form  large 
and  thin-walled  pores. 

Ordinary  analyses  do  not  indicate  whether  or  not  a  coal  is  a  good  coking 
coal,  and  they  indicate  simply  by  giving  the  amount  of  carbon,  ash,  and 
sulphur,  what  will  be  the  probable  purity  of  the  coke  formed.  The  coal  of 
the  Pittsburg  bed  in  the  Connellsvllle  basin  of  Pennsylvania  is  considered 
by  many  as  the  standard  coking  coal,  but  coals  whose  analysis  differ  very 
materially  ft'om  that  of  Connellsville  undoubtedly  ^ve  most  excellent  cokes, 
which  are  equal  to  or  very  nearly  equal  to,  that  from  Connellsville,  aJs,  for 
instance,  the  Pocahontas  coke,  Virginia. 


AJIAtrstS  OF  COAL. 


ftoMMtlt  GmI*.— In  dmnanlc  use,  coal  U  burned  In  open  intM,  In  cloaod 
«UiT«B  irltli  oidlnuT  Are  bowls  ftnd  fiatgralea,  oi  with  buket  graWs  In  mall 
famacea  fw  hot^lr  heatiiig.  and  In  cooking  atove*.  In  all  uieae,  tbe  coal 
that  BUMalDB  a  mild,  Bteady  oombusllon.  and  remalne  Ignited  at  A  low  tam- 
perature  with  a  oompantlrely  feeble  draft,  la  the  beat.  A.  coal  burning  with 
a  smoky  flame  la  objeetlonabia  aa  producing  much  aoot  and  dirt,  ameoallr 
tat  open  gratei  or  oookliiB  (NupCHea.  I\ir  aelf-feedlng  alovea,  or  lor  bin 
bnmen  a  dr;  non^oUng  coal  fa  neceauy.  A  Ttrj  dm  and  nerceir  hnrn- 
ing  coal  la  not  deattable,  parUenlaHT'  tn  ilOTa,  aa  tbe  lenmtatnn  cannot  be 
eadly  regulated.  Aaulphunniicoal  laalaobad,  aaitpmdtieei  stlflinv  gaaea 
with  a  defective  dcaft^and  conodea  the  gratea  and  Are  bowli.   Tbe  duBcultjr 


nerlcan  (Job  Llgbt  ABaociaUan, 
■  low  percenlaRe  of  ash,  saT  5^ 
say  S7|i  to  4(M  of  ToUtile  matter. 
QH.  And  It  should  yield,  under 
pound  carbonized.  It  ahould  b« 
ell,  ao  that,  when  carried  loiig 
L  laiRely  reduced  lo  alack  or  flne 
uld  poaaeaa  coklne  qualltlea  that 
lion,  about  SO;!  of  clean,  lining, 

smith  purpoaea  ahould  hare  a 
y  amali  amount  of  aulphnt.  If 
irch  on  the  forge,  and  ahould 

the  analysia  of  a  coal  doee  not 
to  vhlcb  It  can  be  put.  Hov- 
the  table  on  pa«e  Iffl,  certain 
a  general  way  about  what  the 
xwea.  For  ateam  purpoaea,  the 
putatlona.  For  gaa  eoala.  that 
'or  blackamltha.  Broad  Top  and 
irda;  while  Ibr  coking,  Connella- 

Kiofacreenmeahand  baropen- 

irt  and  through  bars  T  in.  apart 


AU  ooal  Chat  pBiaes  through  bara  1^  In.'  apart  and 
called  Ktit. 

All  cool  that  paaaea  through  bars  I  in.  apart  la  calle 


aiid  through  A  In.  aq 
Nut.  and  Slack, 
called  £nmp. 


The  following  la  the   outllo 

analysis  of  coal  by  a  committee  of  the  America 

W.  F.  Hlllebtsnd.  C.  B.  Dudley,  and  W.  A.  Noyes: 

Saaipllrw.— At  least  6  lb.  of  coal  should  be  taken  fOr  the  original  sample, 
with  care  to  aecure  pieces  tbat  represent  the  average.  These  should  he 
btilkennpand  quartered  down  lo  obtain  tbe  aiaaller  eamplo,  which  la  to 
he  reduced  to  a  flne  powder  fbr  analysis.  The  quartering  nnd  grinding 
ahonld  be  carried  out  aa  rapidly  as  poBirib!e,  and  ImmcdlHtely  after  the 
original  sample  Is  taken,  to  preyent  gain  or  loss  of  moisture.  The  pow- 
dered coal  should  be  kept  In  a  tightly  stoppered  tube,  or  bottle.  up<n 
analysed.  Unless  the  ooai  contains  less  than  '»  of  molature,  thr  -'- ' — 
of  laige  aamiJeB,  In  wooden  boxes  ahould  be  avoided. 
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In  boiler  Iftu,  shoTelAile  of  coal  shoald  be  taken  at  regular  iDterrala  and 
put  In  a  tlsht  covered  barrel^  or  same  alr-li^ht  covered  receptju;le»  and  the 
latter  should  be  placed  where  it  ia  protected  trom  the  heat  of  Uie  fjmace. 

!□  eampling  from  a  mine,  the  map  of  the  mine  should  be  carefully 
eiamlned  and  points  for  Bampling  located  in  aueh  a  tnaoner  as  to  tairly 
represent  the  body  of  the  coal.  These  points  should  be  placed  close  to  the 
workiDg  face.  Before  sirapling,  make  a  fresh  out  of  the  liioe  from  top  to 
bottom  to  a  depth  Uiat  will  Itisute  the  abaeiice  of  possible  changes  or  of 
BulpbuT  and  smoke  bom  the  blasting:  powders.  Clean  the  floor  and  apread 
BiHeceofcauvaatocalcb  the  cuttingB.  Then,  with  a  chisel,  make  a  cutting 
Inim  floor  to  loof,  ssr  3  in.  wide  and  atraaC  1  in.  deep.  Do  not  chisel  out 
the  shale  or  other  Impurities  (hat  It  is  the  practice  at  that  mine  to  reject. 
Measure  the  length  of  the  cutting  made,  but  do  not  Include  the  impuntiea 
'     -"  -.    With  a  piece  ol' flat  iron  and  a  hammer,  break  all 


SeceB  to  quarter-inch  cubea  or  lees,  without  removing  IVom  tlie  c 
iart«r  down  and  transfer  to  a  sealed  bottle  or  tar.    For  the  "run-of-m 

sample,  samples  taken  at  several  points  In  thfs  manner  should  be  miied 


and  quartered  down.  If  the  vein  variea  in  thickness  at  dU^^nt  points,  the 
samples  taken  at  each  point  should  correspond  In  amount  to  the  thickneK 
of  the  vein.  For  instsnctL  a  small  measure  may  be  filled  as  many  times 
with  the  coal  of  the  sample  as  the  vein  Is  feet  In  thickness.  Should  there 
appear  diflfbrences  in  the  luture  ot  the  coal.  It  will  be  more  HaUsfaclory  to 
take,  In  addition  to  the  general  sample,  samples  of  sudi  porUons  of  the 
Tdn  as  may  display  these  dlfiterences. 

Nstatir*.— Dry  1  g.  of  the  coal  in  an  open  porcelain  or  platinum  crucible 
at  104^  to  107^  C.  for  1  hour,  best  In  a  double-walled  bath  containing  pure 
toluene.    Cool  In  a  desiccator  and  weigh  covered. 

VQistrt*  Coaliaitlbl*  Milttr.    "' -'■---•-    --'- 

orneible,  weighing  20  to  JO  g. 
the  fUll  flame  of  a  Bunsen  1 
supported  on  a  ^atlnljm  triangle  with  the  bottom  6  to  8  em.  above  the  top 
of  ike  burner.  The  flame  used  should  be  fUUy  20  cm.  high  when  burning 
fl^  and  the  determination  made  in  a  place  free  froia  drafts.  The  upper 
surfice  of  the  cover  should  burn  clear,  but  tlie  under  surikco  should 
remain  covered  with  carbon.  To  find  "volatile  combustible  matter,'* 
subtract  the  percentage  of  moisture  from  the  loss  fTiund  here, 

■-■-,— Bum  the  portion  of  coal  used  for  t"---"- '— ' ' — '- ' 

<er  a  very  low  flame,  with  the  cnicll 
jium  cart»n.    if  properly  treated,  this  samjjiT,  u>ii  u*,  uun^^u  uj, 
quickly  than  the  dense  carbon  letl  from  the  determination  o. 

Is  Is  found  by  subtracting  the  percentage  of 

,..,.....  , .  ■«!!«*).— Mix  ( 

coal  with  1  g.  of  magnesium  oxide  ai 
7S  to  100  c.  c.  platinum  dish  or  cruel 
light  and  porous,  not  a  compact,  hi 
tnanele  over  an  alcohol  lamp,  held 
usedTbecause  of  the  sulphur  it  coni 
with  a  iJatlnum  wire  and  the  heat 
coals.  The  flame  is  kept  in  motloi 
until  stmng  glowing  has  ceased,  ai 
16  minutes,  (he  bottom  of  the  disn  ti 
ts  burned,  transfer  the  mass  lo  a  b 
60  c.c.  of  watei.  Add  15  c.c.  of  i 
G  mlnutts.  Allow  lo  settle,  decani 
"me  with  30  c.c.  of  water,  and  wai 
palescence  with  sllyer  nitrate  and 

■old  be  about  200  c.c.  Add  Uc 
-.  a  corresponding  amount  of  dill 
until  the  bromine  is  expelled,  and 
eapeclaliy  a"  °""'    -~'  """"" '" 


Xol^ 


wash,  using  either  a  Gooch  c; 

Ignited  moist  In  a  platinum  oruolb 

In  (be  case  of  coals  oontaining  much  pyrites  or  oaldnm  salphat«,  Ihs 


STEAM, 
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residue  of  magnesimn  oxide  ihonld  be  diasolyed  in  hydioohlorio  Acid  mnd 
the  solution  tested  for  lulphurio  acid.  • 

When  the  sulphur  in  the  coal  is  in  the  form  of  pyrites,  that  compound  is 
converted  almost  entirely  into  ferric  oxide  in  the  determination  of  ai^,  and. 
since  8  atoms  of  oxygen  replace  4  atoms  of  sulphur,  the  weight  of  the  ash 
is  less  than  the  weight  of  the  mineral  matter  in  the  coal  by  |  the  weight  of 
the  sulphur.  While  the  error  ttom.  this  source  is  sometimes  considerable, 
a  correction  for  *' proximate"  analyses  is  not  recommended.  When 
analyses  are  to  be  used  as  a  basis  for  calculating  the  heating  effect  of  the 
coal,  a  correction  should  be  made. 

The  analysis  of  a  coal  may  be  reported  in  three  different  forms,  as  per- 
centages of  the  moist  coal,  or  the  arj  coal,  or  of* the  combustible.  Thus, 
suppose  1  g.  of  coal  is  analyzed,  and  the  first  heating  t^ows  a  loss  of 
weight  of  .1  g.,  the  second  of  .3  g.,  the  third  .5  g.,  the  remainder,  or  ash, 
weighing  .1  g.,  the  complete  report  would  be  as  follows: 


Moisture 

Volatile  matter 
Fixed  carbon  ... 
Ash 

Total  


Per  Cent. 

of  the 
Moist  Coal. 


10 
80 
50 
10 


100 


Per  Cent. 

of  the 
Dry  Coal. 


33.38 
65.56 
11.11 


100.00 


Per  Cent 

of  the 

Combustible. 


87.60 
62.50 


100.00 


STEAM. 

A  calculation  of  the  power  that  coal  possesses,  compared  with  the  usefUl 
work  which  steam  engines  exert,  shows  that  probably  in  the  very  best 
engines  not  one-tenth  of  the  power  is  converted  into  useftil  work,  and  in 
some  very  bad  engines,  probably  not  one  one-hundredth.  There  are  many 
causes  for  this;  some  we  can  never  remedy,  because  to  do  so  it  would  be 
necessary  to  exhaust  the  steam  at  a  lower  temperature  than  is  practical. 
There  are  other  causes  that  can  and  ought  to  be  removed.  We  want  good 
engines,  good  boilers,  high-pressure  steiun,  expansive  working,  and  con- 
densing appliances. 

Hifk-Prtsssre  Steim.— Why  should  we  use  high-pressure  steam?  There 
are  several  good  reasons.  Whatever  pressure  we  have  available  at  the 
steam  boiler,  a  certain  amount  is  absorbed  in  overcoming  the  resistances  of 
the  engine  and  without  doing  any  useAil  work.  Suppose  our  available 
steam  pressure  is  20  lb.,  and  10  lb.  are  so  absorbed;  that  leaves  us  only 
one-half;  but,  if  we  have  100  lb.  available,  it  would  leave  us  nine-tenths. 
High-pressure  steam  means  fewer  boilers  and  smaller  engines,  with  founda- 
tions and  houses  of  less  dimensions.  Then,  again,  the  amount  of  work  that 
it  is  possible  to  get  out  of  a  given  Quantity  of  steam  depends  on  the  differ- 
ence between  the  temperature  at  the  commencement  of  the  stroke  and  the 
temperature  at  the  end  of  the  stroke. 

Now,  there  is  a  limit  as  to  how  low  the  temperature  can  be  at  the  end, 
and  as  we  raise  the  commencing  temperature,  we  enlarge  the  available 
difference.  We  may  put  the  advantages  of  high-pressure  steam  in  this  way. 
By  taking  a  fixed  temperature  in  the  condenser  of,  say,  100°  F.,  and  initial 
temperatures  when  the  steam  enters  the  cylinder,  of  varying  amounts,  the 
theoretic  efficiency  of  that  steam  can  be  determined.  Commencing  with 
atmospheric  pressure,  we  have  an  efficiency  of  16.6;(. 


Lb. 
10  . 
20.. 
30  . 
40. 
60. 
60  . 
80. 


Per  Cent. 

20.0 

22.1 

23.7 

25.0 

26.1 

27.0 

28.6 


Lb. 

100.. 

125l. 

150. 

200. 

250. 

300. 


Per  Cent 

29.8 

31.1 

32.2 

83.9 

36.8 

86.6 


I 
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We  can  only  get  in  practice  with  steam  a  certain  pioportioir  of  the 
theoretic  power,  and  that  proportion  varies  with  the  pressui^  of  the  steam. 

In  early  days  we  used  steam  at  atmospheric  pressure,  the  efficiency 
being  16.6jf;  afterwards,  we  had,  in  compound  engines  of  two  cylinders, 
steam  of  60  lb.,  the  efficiency  being  27^.  Now  we  have  triple-expansion 
engines,  using  steam  at  150  lb.,  the  efficiency  being  32.2^.  It  wiU  be 
observed  that,  although  the  efficiency  increases  as  the  steam  pressure 
increases,  the  amount  of  that  increase  is  a  diminishing  quantity,  and  it 
becomes  so  small  at  and  beyond  150  lb.  pressure  that  probably  any  gain  in 
efficiency  is  not  a  satisfactory  set-off  to  the  additional  expense  of  strength- 
ening the  parts  of  the  engine.  But  then,  how  very  few  of  our  engines  work 
nearly  so  high  as  150  lb.  pressure. 

The  advantages  of  hi^-pressure  steam  are  not  yet  sufficiently  appreciated. 
It  is  not  merely  the  difference  between  60  lb.  and  120  lb.  Suppose  we  use 
steam  at  60  lb.;  probably  we  shall  get  50  lb.  at  engine,  and  resistances  of 
engine  will  absorb  10  lb.,  leaving  40  lb.  Now,  suppose  we  use  120  lb.,  we  can 
get  at  engine  110  lb.,  and  if  resistances  of  engine  absorb  10  lb.,  we  shall  have 
100  lb.  as  against  40  lb. 

Exptntion  of  Ststm.— By  "expansion  of  steam*'  we  mean  that  at  a  certain 
point  of  the  stroke  we  shut  off  steam  supply  from  the  boiler  to  the  cylinder, 
and  the  steam  already  within  the  cylinder  i)erforms  the  remainder  of  the 
stroke  unaided.  Now,  suppose  we  do  not  expand  at  all.  Suppose  we  allow 
free  admission  of  steam  into  the  cylinder  all  through  the  stroke;  we  shall 
have  at  the  end  of  the  stroke  pressure  exactly  similar  to  the  pressuna  with 
which  we  commenced.  Now,  we  cannot  work  a  seam  of  coal  and  still  have 
the  coal  left;  we  cannot  get  work  out  of  steam  and  still  have  the  work  left 
in  it,  and  so,  if  our  steam  pressure  is  the  same  at  the  end  of  the  stroke  as  at 
the  beginning,  we  simply  discharge  twice  in  each  revolution  a  whole 
cylinder  fliU  of  steam  that  has  done  no  work  at  all,  and  waste  it  Just  the 
same  as  if  we  had  discharged  it  from  the  boiler  without  passing  through  the 
engine  at  all.  But  some  one  will  say,  work  has  been  done  upon  the  engine 
while  that  steam  was  in  the  cylinder.  True— and  the  explanation  i&that 
while  the  steam  is  performing  work  its  heat  and  pressure  must  dimmish, 
and  so  long  as  the  communication  with  the  boiler  is  open,  tresh.  heat  comes 
fh)m  the  boiler  into  the  cylinder  to  take  its  place,  and  at  the  end  of  the 
stroke  we  have  expended  heat  represented  by  the  capacity  of  two  cylinders, 
and  have  performed  work  as  represented  by  the  capacity  of  one  cylinder. 
Now,  suppose  we  close  the  communication,  and  beyond  a  certain  point  of 
the  stroke  allow  no  more  steam  to  enter,  we  get  an  amount  of  work  firom 
the  steam  already  in  the  cylinder,  represented  by  the  diminishing  pressure 
of  the  steam  by  expansion. 

Condsnssrt.— The  effective  power  of  an  engine  does  not  depend  on,  and 
is  not  measured  by,  the  pressure  pushing  the  piston.  There  is  always  what 
is  termed  a  back  pressure  holding  the  piston  back,  and  the  real  effective 

f)ressure  is  evidently  the  difference  between  the  two.  Suppose  we  have  a 
ocomotive  engine,  or  a  winding  engine,  throwing  exhaust  into  the  open 
air.  The  back  pressure  cannot  be  less  than  the  pressure  of  the  open  air, 
and,  indeed,  to  overcome  it,  it  must  be  something  more.  But  if  we  can 
discharge  our  exhaust  into  some  vessel  from  which  atmospheric  pressure 
and  all  other  pressure  has  been  removed,  we  know  that  atmosphenc  pres- 
sure amounts  to  about  15  lb.,  and  the  removal  of  that  Arom  the  fh>nt  or  the 
piston  is  as  good  as  adding  15  lb.  behind. 


BOILERS. 

The  steam  boiler  that  will  be  the  most  suitable  fbr  a  certain  mine  will 
depend  on  the  nature  of  the  feedwater,  the  cost  of  fuel,  and  the  amount  of 
steam  required.  When  the  acid  water  fh>m  the  mine  is  used  for  feedwater, 
and  fuel  is  cheap,  the  type  of  boiler  generally  used  is  either  the  plain 
cylindrical  or  flue  boiler,  because  it  is  simple  in  construction  ano^can 
therefore  be  easily  cleaned  and  cheaply  replaced  when  eaten  by  the  mine 
water.  The  tubular  or  locomotive  type  is  used  where  good  water  can  be 
obtained,  except  in  the  best  equipped  plants,  where  the  water-tube  boiler  is 
used.  Feedwater  taken  from  the  mine,  or  containing  acid,  should  be 
neutralized  by  lime  or  soda  before  being  used.  In  case  it  contains  minerals 
in  solution,  a  feedwater  separator  should  be  employed  to  precipitate  the 
mineral  substance  before  the  water  is  allowed  to  enter  the  boiler. 


BOaSSPOWES  OF  BOILERS. 
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capacity  tor  geneiating  steam,    Bollermakera  usually  rate  the  horsepower 
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In  order  to  have  an  accurate  standard  of  boiler  power,  the  American 
Society  of  Mechanical  Engineers  has  adopted  as  a  standard  horsepower 
on  eeoporation  o/SO  a.  of  rmter  pir  ftour/rom  aJeeav«UerUmjitTatuTeoflOCfF. 
into  NHtm  ai  79  U>.  gauge  prattiTe,  which  )s  considered  equivalent  to 
ai.5  units  of  evaporation;  that  Is,  to  34.5  lb.  of  water  evaporated  from  a 
feedwater  Umpentture  of  21!P  F,  into  steam  at  the  same  temperature. 

EiABPLi.— A  boiler  evaporates  per  hour  1,980  lb.  of  water  from  a  ifeed 
temperature  of  100°  Into  steam  at  70  lb.  gauge  pressure.  What  b  the 
horsepower  of  the  boiler? 
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67  H.  P. 

The  li**tln(  lurfsoi  of  a  boiler  is  the  portion  of  the  sarface  exposed  to  the 
action  of  lames  and  hot  gaaea.  This  includes,  in  tbe  case  of  the  mulH- 
tubular  bailer,  tbe  portions  of  the  shell  below  the  line  of  brickwork,  the 
exposed  heads  of  the  abell,  and  the  Interior  su^ace  of  the  tulMS,   In  Uie 


r 


178 


B0ILBS8. 


case  of  a  water-tabe  bofler,  the  heating  garface  comprisei  the  portion  of 
the  shell  below  the  brickwork,  the  outer  surface  of  the  headers,  and  outer 
surfi&ce  of  tubes.    In  any  given  case,  the  heating  surface  may  be  calculated 

Ratio  op  Heating  Surface  to  Horsepower  and  op  Heating  Surface 

TO  Grate  Area. 


Type  of  Boiler. 

^         Heating  Surface 
~"      Horsepower 

^  ..         Heating  Surfece 

Ratio  =  — ;= — T~ . 

Grate  Area 

Plain  cylindrical 

Flue 

Return  -  tubular 

Vertical  

Water-tube 

Locomotive  

6  to  10 
8  to  12 

14  to  18 

15  to  20 
10  to  12 

1  to    2 

12  to    16 
20  to    25 
25  to    35 
25  to    30 
35  to    40 
60  to  100 

by  the  rules  of  mensuration.    The  following  example  will  show  the  method 
or  calculating  the  heating  surface,  of  a  return-tubular  boiler: 

Example.— A  horizontal  return-tubular  boiler  has  the  following  dimen- 
sions: Diameter,  60  in.;  length  of  tubes,  12  ft.;  internal  diameter  of  tubes, 
8  in.;  number  of  tubes,  82.  Assume  that  |  of  the  shell  is  in  contact  with 
hot  ^ses  or  flame,  and  4  of  the  two  heads  are  heating  surfSeice. 


Cwcumference  of  shell 
Length  of  shell 
Heating  surface  of  shell 
Circuijiference  of  tube 
Heating  surface  of  tubes 
Area  of  one  head 
Two-thirds  area  of  both  heads 


60  X  3.1416  =  188.496  =  188.5  in.,  say. 

12  X  12  =  144  in. 

188.5  X  144  X  I  =  18,096  sq.  in. 

3  X  3.1416  =  9.425  in.,  nearly. 

82  X  144  X  9.425  =  111,290.4  sq.  in. 

60^  X  .7854  =  2,827.44  sq.in. 

I  X  2  X  2,827.44  =  3,769.92  sq.  in. 


From  the  heads  must  be  subtracted  twice  the  area  cut  out  by  the  tubes; 
this  is  82  X  3»  X  .7854  X  2  =  1,159.26. 
Total  heating  surface  in  square  feet  = 

18.096  +  111.290.4  +  8>69.92  - 1.159.26  ^  ^^^  ^       ^    ^ 

144 

Probable  Maximum  Work  of  a  Plain  Cylindrical  Boiler  of  120  Sq.  Ft. 

Heating  Surface  and  12  Sq.  Ft.  Grate  Surface,  at 

Different  Rates  of  Driving. 


Rate  of  driving;  lb. 
water  evaporated 
per  sq.  ft.  of  heating 
surface  per  hour  .... 

Total  water  evapora- 
ted by  120  sq.  ft. 
heating  surface  i>er 
hour,  lb 

Horsepower;  34.5  lb. 
per  nour  =  1  H.  P. 

Pounds  water  evapo- 
rated per  lb.  com- 
bustible   

Pounds  combustible 
burned  per  hour 

Pounds  combustible 
per  hour  per  sq.ft. 
of  grate 

Pounds  combustible 
per  hour  per  horse- 
power  


2 

3 

3.5 

4 

4.5 

5 

6 

7 

240.00 

360.00 

420.00 

480.00 

540.00 

600.00 

720.00 

840.00 

6.96 

10.43 

12.17 

13.91 

15.66 

17.39 

20.87 

.24.36 

10.88 
22.10 

11.30 
31.90 

11.36 
37.00 

11.29 
42.50 

11.20 
48.20 

11.05 
64.30 

10.48 
68.70 

9.48 
88.60 

1.85 

2.65 

3.08 

3.55 

4.02 

4.62 

6.72 

7.38 

3.17 

8.05 

3.04 

3.06 

3.08 

3.12 

8.80 

8.64 

8 

960.00 
27.83 

8.22 
116.80 

9.78 

4.16 


From  the  figures  in  the  last  line,  we  see  that  the  amount  of  ftiel  required 
for  a  given  horsepower  is  nearly  87j(  greater  when  the  rate  of  evaporation  is 
8  lb.  uian  when  it  is  3-6  lb.  . 
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The  figures  in  the  preceding  table  that  represent  the  economy  of  ftiel,  y\zt, 
"Pounds  water  evaporated  per  lb.  combustible"  and  "Pounds  combustible 
per  hour  per  horsepower."  are  what  may  be  called  "  maximum  "  results, 
and  they  are  the  highest  that  are  likely  to  be  obtained  with  anthracite  coal, 
with  the  most  skilfUl  tiring  and  with  every  other  condition  most  favorable. 
Unfovorable  conditions,  such  as  poor  firing,  scale  on  the  inside  of  the 
heating  surfiEu;e,  dust  or  soot  on  the  outside,  imperfect  protection  of  the  top 
of  theboiler  from  radiation.  leaks  of  air  through  the  brickwork,  or  leaks  of 
water  through  the  blow-off  pipe,  may  greatly  reduce  these  figures. 

Choice  of  •  Boiler.—^^uestions  that  aiue  under  this  head  in  r^;ard  to  any 
boiler  are: 

1.  Is  the  flrate  surface  sufficient  for  burning  the  maximum  quantity  of 
coal  expected  to  be  used  at  any  time,  taking  into  consideration  the  availa- 
ble draft,  the  quality  of  the  coal,  its  percentage  of  ash,  whether  or  not  the 
ash  tends  to  run  into  clinker,  and  the  facilities,  such  as  shaking  grates,  for 
getting  rid  of  the  cwh  or  clinker? 

2.  Is  the  Aimace  of  a  kind  adapted  to  bum  the  particular  kind  of  coal 
used? 

3.  Is  the  heating  surface  of  extent  sufficient  to  absorb  so  much  of  the 
heat  generated  that  the  gases  escaping  into  tiie  chimney  shall  be  reasonablv 
low  in  temperature,  say  not  over  460^  P.  with  anthracite,  and  650^  F.  with 
bituminous  coal? 

4.  Are  the  gas  passages  so  designed  and  arranged  as  to  compel  the  gas 
to  traverse  at  a  uniform  rate  the  whole  of  the  heating  surfiftce,  being  not  so 
large  at  any  point  as  to  allow  of  the  gas  finding  a  path  of  least  resistance,  or 
short-circuiting,  or,  on  the  other  hand,  so  contracted  at  any  i)oint  as  to 
cause  an  obstruction  to  the  draft? 

These  questions  being  settled  in  favor  of  any  sdven  boiler— and  they  may 
be  answered  favorably  for  boilers  of  many  or  the  common  types— the 
relative  merits  of  the  different  types  may  now  be  considered  with  reference 
to  their  danger  of  explosion;  their  probable  durability;  the  character  and 
extent  of  repairs  that  may  be  needed  from  time  to  time,  and  the  difficulty, 
delay,  and  expense  that  these  may  entail;  the  accessibility  of  every  part  of 
the  boiler  to  inspection,  internal  and  external;  the  facility  for  removal 
of  mud  and  scale  from  every  portion  of  the  inner  surfJEice,  and  of  dust  and 
soot  from  the  exterior;  the  water  and  steam  capacity;  the  steadiness  of 
water  level,  and  the  arrangements  for  securing  dry  steam. 

Each  one  of  the  points  referred  to  above  should  be  considered  carefhlly 
by  the  intending  purchaser  of  any  type  of  boiler  with  which  he  is  not 
familiar  by  experience.  The  several  points  may  be  considered  more  in 
detail. 

Danger  of  Explosion.— All  boilers  may  be  exploded  by  overpressure,  such  at 
might  be  caused  by  the  combination  of  an  inattentive  fireman  and  an 
inoperative  safety  valve,  or  by  corrosion  weakening  the  boiler  to  such 
an  extent  as  to  make  it  unable  to  resist  the  regular  working  pressure;  but 
some  boilers  are  much  more  liable  to  explosion  than  others.  In  consider- 
ing the  probability  of  explosion  of  any  boiler  of  recent  design,  it  is  well  to 
study  it  to  discover  whether  or  not  it  has  any  of  the  features  that  are  known 
to  be  dangerous  in  the  plain  cylinder,  the  horizontal  tubular,  the  vertical 
tubular,  and  the  locomotive  boilers.  The  plain  cylinder  boiler  is  liable  to 
explosion  from  strains  induced  by  its  method  of  suspension,  and  by  changes 
of  temperature.  Alternate  expansion  and  contraction  may  produce  a  line 
of  weakness  in  one  of  the  rings,  which  may  finally  cause  an  explosion.  A 
boiler  should  be  so  suspended'^tnat  all  its  parts  are  free  to  change  their  posi- 
tion under  changes  of  temperature  without  straining  any  part.  The 
circulation  of  water  in  the  boiler  should  be  sufficient  to  keep  all  parts 
at  nearly  the  same  temperature.  CJold  feedwater  should  not  be  allowed  to 
come  in  contact  with  the  shell,  as  this  will  cause  contraction  and  strain. 
The  horizontal  tubular  boiler,  and  all  externally-fired  shell  boilers,  are 
liable  to  explosion  from  overheating  of  the  shell,  due  to  accumulation  of 
mud.  scale,  or  grease,  on  the  portion  of  the  shell  lying  directly  over  the  fire, 
to  a  double  thickness  of  iron  with  rivets,  together  with  some  scale,  over  the 
fire,  or  to  low  water  uncovering  and  exposing  an  unriveted  part  of  the  shell 
directly  to  the  hot  gases.  Vertical  tubular  boilers  are  liable  to  explosion 
from  deposit  of  muof,  scale,  or  grease,  upon  the  lower  tube-sheet,  and  from 
low  Water  allowing  the  upper  part  of  the  tubes  to  get  hot  and  cease  to  act 
as  stays  to  the  upper  tube-sheet.  Locomotive  boilers  may  explode  from 
deposits  on  the  crown  sheet,  from  low  water  exposing  the  dry  crown  sheet 
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to  the  hot  gases,  and  fh)m  corrosion  of  the  staybolts.  Double-cylinder 
boilers,  such  as  the  French  elephant  boiler,  and  the  boilers  used  at  some 
American  blast  fUmaces,  have  exploded  on  account  of  the  formation  of  a 
"steam  pocket"  on  the  upper  portion  of  the  lower  drum,  the  steam  being 
prevented  from  escapinf  fix>m  out  of  the  rings  of  the  drum  by  the  lap  joint 
oa  the  adjoining  ring,  thus  making  a  layer  of  steam  about  i  inch  thick 
against  the  shell,  which  was  directly  exposed  to  the  hot  gases. 

{,  Questions  to  Be  Asked  Conoerning  New  Boilers.— The  causes  mentioned 

above  are  only  a  few  of  the  causes  of  exiQosions,  but  they  are  the  principal 
ones  that  are  due  to  features  of  design.  These  features  should  be  looked  for 
in  any  new  style  of  boiler,  and  if  they  are  found  they  should  be  considered 
elements  of  danger.  Such  questions  as  the  following  may  be  asked:  Is  the 
method  of  suspension  of  the  boiler  such  as  to  allow  its  parts  to  be  tree  to 
move  under  chanses  of  temperature?  Is  the  circulation  such  as  to  keep  all 
parts  at  practicallv  the  same  temperature?    Is  there  a  shell  with  riveted 

tl  seams  exposed  to  the  fire?    Is  there  a  shell  exposed  to  the  fire  that  may  at 

any  time  be  uncovered  by  water?  Is  there  a  crown  sheet  on  which  scale 
may  lodge?  Are  there  vertical  or  inclined  tubes  acting  as  stays  to  an  upper 
sheet,  the  upper  part  of  which  tubes  may  become  overheated  in  case  of 
low  water?  Are  there  any  stayed  sheets,  the  stays  of  which  are  liable  to 
l)ecome  corroded?  Is  there  any  chance  for  a  steam  pocket  to  be  formed  on  a 
sheet  that  is  exposed  to  the  fire? 

In  addition  to  the  above-mentioned  features  of  design,  which  are 
elements  of  danger,  all  boilers,  as  already  stated,  are  liable  to  explosion  due 
to  corrosion.  Internal  corrosion  is  usually  due  to  acid  feedwater,  and  all 
boilers  are  equally  liable  to  it.  Extemid  corrosion,  however,  is  more  liable 
to  take  place  in  some  designs  of  boilers  than  others,  and  in  some  locations 
rather  than  others.  If  any  portion  of  a  boiler  is  in  a  cold  and  damp  place,  it 
is  liable  to  rust  out.  For  tms  reason  the  mud-drums  of  many  modem  forms 
of  boilers  are  made  of  cast  iron,  and  resist  rusting  better  than  either  wrought 
iron  or  steel.  If  any  part  of  a  boiler,  other  than  a  part  made  of  cast  iron,  is 
liable  to  be  exposed  to  a  cold  and  damp  atmosphere,  or  covered  with  damp 
soot  or  as^es,  or  exposed  to  drip  from  rain  or  from  leaky  pipes,  and 
especially  if  such  pan  is  hidden  by  brickwork  or  otherwise  so  that  it  can- 
not be  seen,  that  iwtrt  is  an  element  of  danger. 

Durebllity.— The  question  of  durability  is  partly  covered  by  that  of  danger 
of  explosion,  which  has  already  been  discussed,  but  it  also  lis  related  to  the 

auesQon  of  incrustation  and  scale.  The  plates  and  tubes  of  a  boiler  may  be 
estroyed  by  internal  or  external  corrosion,  but  they  may  also  be  burned 
out.  It  may  be  regarded  as  impossible  to  bum  a  plate  or  tube  of  iron  or 
steel,  no  matter  how  high  the  temperature  of  the  fiame,  provided  one  side  of 
the  metal  is  covered  with  water.  If  a  steam  pocket  is  formed,  so  that  the 
water  does  not  touch  the  metal,  or  if  there  is  a  layer  of  grease  or  hard  scale, 
then  the  plate  or  tube  may  be  burned.  In  a  water  tube  that  is  horizontal,  or 
nearly  so,  and  in  which  the  circulation  of  water  is  defective,  it  is  possible  to 
form  a  mass  of  steam  that  will  drive  the  water  away  from  the  metal,  and 
thus  allow  the  tube  to  burn  out.  In  considerinfi;  the  probable  durability  of 
a  boiler,  we  may  ask  the  same  questions  as  those  that  have  been  asked 
concerning  danger  of  explosion.  There  are,  however,  many  chances  of 
burning  out  a  minor  part  of  a  boiler  without  serious  danger,  to  one  chance 
of  a  disastrous  explosion.  Thus  the  tubes  of  a  water-tube  boiler,  if  allowed 
to  become  thickly  covered  with  scale,  might  be  bumed  out  again  and  again 
without  causing  any  further  destruction  at  any  one  t^me  than  the  rupture 
of  a  single  tube.  A  new  type  of  boiler  should  be  questioned  in  regard  to  the 
likelihood  of  fluent  small  repairs  being  necessary,  as  well  as  in  r^ard  to 
its  liability  to  complete  destruction.  We  may  ask:  Is  the  circulation  through 
all  parts  of  the  boiler  such  that  the  water  cannot  be  driven  out  of  any  tube 
or  from  any  portion  of  a  plate,  so  as  to  form  a  steam  pocket  exposed  to  high 
temperature?  Are  there  proper  facilities  for  removing  the  scale  fh)m  every 
portion  of  the  plates  and  tubes?  ^    ^         ,  , 

Reptlrs.— The  questions  of  durability  and  of  repairs  are,  in  some  respects, 
related  to  each  other.  The  more  infrequent  and  the  less  extensive  the 
repairs  the  greater  the  durability.  The  tubes  of  a  boiler,  where  corroded  or 
burnt  out,  may  be  replaced  and  made  as  good  as  new.  The  shell,  when  it 
springs  a  leak,  may  be  patched,  and  is  then  likely  to  be  far  fh)m  as  good  as 
new  When  the  shell  corrodes  badly  it  must  be  replaced,  and  to  replace  the 
shell  is  the  same  as  getting  a  new  boiler.  Herein  is  the  advantage  of  the 
sectional  water-tube  ooilers.    The  sections,  or  parts  of  a  section,  may  be 
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renewed  easily,  and  made  as  gnxxl  as  new.  while  the  shell,  being  fkr  renloved 
from  the  fire  and  easily  kept  dry  externally,  is  not  liable  either  to  burning 
out  or  external  corrosion.  In  considering  the  merits  of  a  new  style  of 
boiler,  with  reference  to  repairs,  we  may  ask  what  parts  of  the  boiler  are 
most  likely  to  give  out  and  need  to  be  repaired  or  replaced?  Are  these 
repairs  eaedly  effected,  how  long  will  they  require,  and,  after  they  are  made, 
is  the  boiler  as  good  as  new  ? 

Ftoility  for  Rtmovsl  of  Sctio  tnd  for  inspootion.— These  questions  have 
already  been  discussed  to  some  extent  under  the  head  of  durability.  Some 
water-tube  boilers,  now  dead  and  sone,  were  some  years  ago  put  on  the 
market,  which  had  no  fkcilities  for  the  removal  of  scale.  It  was  claimed  by 
their  promoters  that  they  did  not  need  any,  because  their  circulation  was  so 
rapid.  Bvery  few  years  boilers  of  these  t^pes  are  reinvented,  and  the  same 
claim  is  made  for  them,  that  their  rapid  circulation  prevents  the  formation 
of  scale.  The  fact  is  that  if  there  is  scale-forming  material  in  the  water  it 
will  be  deposited  when  the  water  is  evaporated,  and  no  amount  or  kind  of 
circulation  will  keep  it  from  accumulating  on  every  part  of  the  boiler,  and 
in  every  kind  of  tubes,  vertical,  horizontal,  and  inclined.  I  have  seen 
the  nearly  vertical  circulating  tubes  of  a  water-tube  boiler,  in  which  the 
circulation  is  nine  times  as  fast  as  the  average  circulation  in  the  Inclined 
tubes,  nearly  fUll  of  scale;  that  is.  a  if'  tube  had  an  opening  in  ft  of  less  than 
1  in.  in  diameter.  This  was  due  to  carelessness  in  blowing  off"  the  boiler,  or 
exceptionally  bad  feedwater,  or  both.  If  circulation  would  prevent  scaling 
at  all,  it  would  prevent  it  here. 

Water  tnd  Stttm  Ctptolty.— It  is  claimed  for  some  forms  of  boilers  that 
they  are  better  than  others  because  they  have  a  larger  water  or  steam 
capacity.  Great  water  capacity  is  useftil  where  the  demands  for  steam  are 
extremely  fluctuating,  as  in  a  rolling  mill  or  a  sugar  refinery,  where  it  is 
desirable  to  store  up  heat  in  the  water  in  the  boilers  during  the  periods  of 
the  least  demand,  to  oe  given  out  during  i)eriods  of  greatest  demand.  Large 
water  capacity  is  oblectionable  in  boilers  for  factories,  usually,  especially  if 
they  do  not  run  at  night,  and  the  boilers  are  cooled  down,  because  there  is  a 
large  quantity  of  water  to  be  heated  before  starting  each  morning.  If 
"  rapid  steaming"  or  the  ability  to  get  up  steam  quickly  fl-om  cold  water,  or 
to  raise  the  pressure  quickly,  is  desired,  large  water  capacity  is  a  detriment. 
The  advantage  of  large  steam  capacity  is  usually  overrated.  It  is  useful  to 
enable  the  steam  to  oe  drained  fh>m  water  before  it  escapes'  into  the  steam 
pipe,  but  the  same  result  can  be  effected  by  means  of  a  dry  pipe,  as  in 
locomotive  and  marine  practice,  in  which  the  steam  space  in  the  boiler  is 
very  small  in  proportion  to  the  horsepower.  Large  steam  space  in  the 
bq^ler  is  of  no  importance  for  storing  energy  or  equalizing  the  pressure 
during  the  stroke  of  an  engine.  The  water  in  the  boiler  is  the  place  to  store 
heat,  and  if  the  steam  pipe  leading  to  an  engine  is  of  such  small  capacity 
that  it  reduces  the  pressure,  the  remedy  is  a  steam  reservoir  close  to  the 
engine  or  a  large  steam  pipe. 

Stetdinets  of  Water  Level.— This  requires  either  a  large  area  of  water  sur- 
face, so  that  the  level  may  be  change^l  slowly  by  fluctuations  in  the  demand 
for  steam  or  in  the  delivery  of  the  feed-pump,  or  else  constant,  and  preferably 
automatic,  regulation  of  the  feedwater  supply  to  suit  the  steam  demand. 
A  rapidly  lowering  water  level  is  apt  to  expose  dry  sheets  or  tubes  to  the 
action  of  the  hot  gases,  and  thus  be  a  source  of  danger.  A  rapidly  rising 
level  may,  before  ft  is  seen  by  the  fireman,  cause  water  to  be  carried  over 
into  the  steam  pipe,  and  endanger  the  engine. 

Wtter  Cireulttion.— Positive  and  complete  circulation  of  the  water  in  a' 
boiler  is  important  for  two  reasons:  (1)  To  keep  all  parts  of  the  boiler  of  a 
uniform  temperature,  and  (2)  to  prevent  the  adhesion  of  steam  bubbles  to 
the  surface,  which  may  cause  overheating  of  the  metal.  It  is  claimed  by 
some  manufacturers  that  the  rapid  circulation  of  water  in  their  boilers 
tends  to  make  them  more  economical  than  others.  I  have  as  yet,  however, 
to  find  any  proof  that  increased  rapidity  of  circulation  of  water  beyond 
that  usually  found  in  any  boiler  will  give  increased  economy.  We  know 
that  increased  rate  of  flow  of  air  over  radiating  surfaces  increases  the 
amount  of  heat  transmitted  through  the  surface,  but  this  is  because  by  the 
increased  circulation,  cold  air  is  continually  brought  into  contact  with 
the  surface,  making  an  increased  difference  of  temperature  on  the  two  sides, 
which  causes  increased  transmission.  But  by  increasing  the  rapidity  of 
circulation  In  a  steam  boiler  we  cannot  vary  the  difference  of  temperature  to 
itny  appreciable  extent,  for  the  water  and  the  steam  in  the  boiler  are  at 
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ftbout  the  same  temperature'  throughout.  The  ordinary  or  '*  Scotch  *'  form 
of  marine  boiler  shows  an  exception  to  the  general  rule  of  uniformity  of 
temperature  of  water  throughout  the  boiler,  but  the  temperature  above  the 
level  of  the  lower  lire  tubes  is  practically  uniform. 


INCRUSTATION   AND   SCALE. 

Nearly  all  waters  contain  foreign  substances  in  a  greater  or  lees  degree, 
and  though  this  may  be  a  small  amount  in  each  gallon,  it  becomes  of 
importance  where  large  quantities  are  evaporated.  For  instance,  a  100  H.  P. 
bouer  evaporates  30,000  lb.  of  water  in  10  hours,  or  890  tons  per  month;  in 
comparatively  pure  water  there  would  be  88  lb.  of  solid  matter  in  that 
quantity,  and  in  many  kinds  of  spring  water  as  much  as  2,000  lb. 

The  nature  and  haraness  of  the  scale  formed  of  this  matter  will  depend 
on  the  kind  of  substances  held  in  solution  and  suspension.  Analyses  of  a 
great  variety  of  incrustations  show  that  carbonate  and  sulphate  of  lime 
form  the  larger  part  of  all  ordinary  scale,  that  from  carbonate  being  soft 
and  granular,  and  that  from  sulphate,  hard  and  crystalline.  Organic 
substances  in  connection  with  carbonate  of  lime  will  also  make  a  hard  and 
troublesome  scale. 

The  presence  of  scale  or  sediment  in  -a  boiler  remits  in  loss  of  fUel, 
burning  and  cracking  of  the  boiler,  predisposes  to  explosion,  and  leads  to 
extensive  repairs.  It  is  estimated  that  the  presence  of  A  in.  of  scale  causes 
a  loss  of  13^  of  ftiel;  ^  in.,  SSjt;  and  |  in.,  60^.  The  Railway  Master 
Mechanics'  Association  of  the  United  States  estimates  that  the  loss  of  ftiel, 
extra  repairs,  etc.,  due  to  incrustation,  amount  to  an  average  of  9750  per 
annum  ror  every  locomotive  in  the  Middle  and  Western  Stat^  and  it  must 
be  nearly  the  same  for  the  same  power  in  stationary  boilers. 

Ctutet  of  inoruttttlon.— 

1.  Deposition  of  suspended  matter. 

2.  Deposition  of  salts  from  concentration. 

3.  Deposition  of  carbonates  of  lime  and  magnesia,  by  boiling  off  carbonic 
acid,  which  holds  them  in  solution. 

4.  Deposition  of  suli)hat6s  of  lime,  because  sulphate  of  lime  is  soluble  in 
cold  water,  less  soluble  in  hot  water,  insoluble  above  270^  F. 

5.  Deposit  of  magnesia,  because  magnesium  salts  decompose  at  high 
temperatures. 

6.  Deposition  of  lime  soap,  iron  soap,  etc.,'  formed  by  saponification  of 
grease. 

Method  of  Prtventlng  Incrustation.— 

1.  Filtration. 

2.  Blowing  off. 

3.  Use  of  internal  collecting  apparatus,  or  devices,  for  directing  the 
circulation. 

4.  Heating  feed  water. 

5.  Chemical  or  other  treatment  of  water  in  boiler. 

6.  Introduction  of  zinc  in  boiler. 

7.  Chemical  treatment  of  water  outside  of  boiler. 


Troublesome  Substance. 

Trouble. 

Remedy  or  Palliation. 

Sediment,  mod,  clay,  etc. 
Readily  soluble  salts. 

Bicarbonates  of  lime,  magnesia,  and  iron. 

Sulphate  of  lime. 

Chloride  and  sulphate  of  magnesium. 
Carbonate  of  soda  in  large  amounU. 
Acid  (in  mine  water). 

Dissolved  carbonic  acid  and  oxygen. 
Grease  (from  condensed  water). 
Organic  matter  (sewage). 
Organic  matter. 

Incrustation. 
Incrustation. 

Incrustation. 

Inorustation. 

Corrosion. 
Priming. 
Corrosion. 

Corrosion. 
Corrosion. 
Priming. 
Corrosion. 

Filtration;  blowing  off. 

Blowing  off. 

Heating  feed;   addition  of  oaastio  anda. 

lime,  or  magnesia,  .etc. 
Addition  of  carbonate  of  soda,  barium 

chloride,  etc. 
Addition  of  carbonate  soda,  etc. 
Addition  of  barium  chloride,  etc 
AlkalU 
Heating  feed;    addition  of  oaustlc  aoda, 

slaked  lime,  et«. 
Slaked  lime  and  Oltering.      Sabstitnte 

mineral  oil. 
Precipitate  with  alam  or  ferrio  chloride. 

and  filter. 
Preoipiute  with  alum  or  ferrio  chloride, 

and  eiter. 
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Mttnt  of  Prtventlon.— It  is  absolutely  essential  to  the  successfbl  use  of  any 
boiler,  except  in  pure  water,  that  it  oe  accessible  for  the  removal  of  scale, 
for  though  a  rapid  circulation  of  water  will  delay  the  deposit,  and  certain 
chemiciJs  will  change  its  character,  yet  the  most  certain  cure  is  periodical 
inspection  and  mechanical  cleaning.  This  may,  however,  be  rendered  less 
frequently  necessary,  and  the  use  of  very  bad  water  more  practical  by  the 
employment  of  some  preventives.  The  following  are  fail  samples  of  those 
in  use,  with  their  results: 

M.  Bidard's  observations  show  that  "  anti-incrustators "  containing 
organic  matter  help  rather  than  hinder  incrustations,  and  are  therefore 
to  be  avoided. 

Oak,  hemlock,  and  other  barks  and  wpods,  sumac,  catechu,  logwood,  etc. 
are  effective  in  waters  containing  carbonates  of  lime  or  magnesia,  by  reason 
of  their  tannic  add,  but  are  injurious  to  the  iron  and  not  to  be  recom- 
mended. 

Molasses,  cane  Juice,  vinegar,  fruits,  distillery  slops,  etc.  have  been  used 
with  success  bo  tax  as  scale  is  concerned,  by  reason  of  the  acetic  acid  that 
they  contain,  but  this  is  even  more  injurious  to  the  iron  than  tannic  acid, 
while  the  organic  matter  fon:^  a  scale  with  sulphate  of  lime  when  it  is 
present. 

Milk  of  lime  and  metallic  zinc  have  been  used  with  success  in  waters 
charged  with  bicarbonate  of  lime,  reducing  the  bicarbonate  to  the  insoluble 
carbonate. 

Barium  chloride  and  milk  of  lime  are  said  to  be  used  with  good  effect  at 
Krupp's  works,  in  Prussia,  for  waters  impregnated  with  gypsum. 

Soaa  ash  and  other  alkalies  are  very  useful  in  waters  containing  sulphate 
of  lime,  by  converting  it  into  a  carbonate,  and  so  forming  a  soft  scale 
easily  cleaned.  But  when  used  in  excess  they  cause  foaming,  particularlr 
where  there  is  oil  coming  from  the  engine,  with  which  they  form  soap.  All 
soapy  substances  are  objectionable  for  the  same  reason. 

Petroleum  has  been  much  used  of  late  years.  It  acts  best  In  waters  in 
which  sulphate  of  lime  predominates.  Sulphate  of  lime  is  the  injurious 
substance  in  newly  alt  mine  waters,  and  petroleum,  when  properly 
prepared,  is  a  good  preventive  of  scale  and  pitting.  Crude  petroleum 
should  not  be  used,  as  it  sometimes  helps  in  forming  a  very  injunous  scale. 
Refined  petroleum,  on  the  other  hand,  is  useless,  as  it  vaporizes  at  a 
temperature  below  that  of  boiling  water.  Therefore,  only  such  prepara- 
dons  should  be  used  as  will  not  vaporize  below  500<^  F. 

Tannate  of  soda  is  a  good  preparation  for  general  use,  but  in  waters  con- 
taining much  sulphate,  it  should  be  supplemented  by  a  portion  of  carbonate 
of  soda  or  soda  ash. 

A  decoction  frt>m  the  leaves  of  the  eucalyptus  is  found  to  work  well  in 
some  waters  in  CiJifomia. 

For  muddy  water,  particularly  if  it  contain  salts  of  lime,  no  preventive  of 
incrustation  will  previdl  except  filtration,  and  in  almost  every  instance  the 
use  of  a  filter,  either  alone  or  in  connection  with  some  means  of  precipita- 
ting the  solid  matter  from  solution,  will  be  found  very  desirable. 

In  all  cases  where  impure  or  hajrd  waters  are  used,  frequent  "blowing" 
frt>m  the  mud-drum  is  necessary  to  carry  off  the  accumulated  matter, 
which  if  allowed  to  remain  would  form  scale. 

When  boilers  are  coated  with  a  hard  scale,  dlfQcult  to  remove,  it  will  be 
found  that  the  addition  of  i  lb.  caustic  soda  per  horsepower,  and  steaming 
for  some  hours,  according  to  the  thickness  of  the  scale,  just  before  cleaning, 
will  greatly  facilitate  that  operation,  rendering  the  scale  soft  and  loose. 
This  should  be  done,  if  possible,  when  the  boilers  are  not  otherwise  in  use. 


COVERING    FOR    BOILERS,  STEAM    PIPES,   ETC. 

The  losses  bv  radiation  from  unclothed  pipes  and  vessels  containing 
steam  are  consiaerable,  and  in  the  case  of  pipes  leading  to  steam  engines,  arc 
magnified  by  the  action  of  the  condensed  water  in  the  cylinder.  It  there 
fore  is  Important  that  such  pipes  should  be  well  protected.  The  following 
table  gives  the  loss  of  heat  from  steam  pipes  naked,  and  clothed  with  wool  or 
hair  felt,  of  different  thickness,  the  steam  pressure  being  assumed  at  75  lb., 
and  the  exterior  air  at  60°. 

There  is  a  wide  difference  in  the  value  of  different  substances  for  protec- 
tion from  radiation,  their  values  varjing  nearly  in  the  reverse  ratio  to  their 
conducting  power  for  heat,  up  to  their  ability  to  transmit  as  much  heat  as 
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the  surface  of  the  pipe  will  radiate,  after  which  they  become  detrimental, 
rather  than  usefUI,  as  covering.  This  point  is  reached  nearly  at  baked  clay 
or  brick. 

Table  of  Loss  of  Heat  From  Steam  Pipes. 


• 

8 
•g 

Outside  DiAueter  of  Pipe,  Witluwt  Felt 

a 

S  In.  Diameter. 

4  In.  Diameter. 

6  In.  Diameter. 

8  In. 

Diameter. 

11  In 

.Diameter. 

.3 

9 

► 

I 

M             Loss  in  Units 
«         per  Foot  Rtin  per 
o                    Hour. 

• 

1 

1.00 

i 

P 

1 

Loss  in  Units 

per  Foot  Ran  per 

Hour. 

• 

J 

e 
1.00 

1 

.2  • 

1" 

Lon  in  Units 

per  Foot  Run  per 

Hour. 

• 

.2 

1 

I 

46 

Loss  in  Units 

per  Foot  Run  per 

Hour. 

m 

1 

^        Feet  in  Length  per 
S              H.  P.  Lost. 

Loss  in  Units 

per  Foot  Run  per 

Hour. 

• 

m 

p. 

i" 

In 

J 
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890.8 

75 

624.1 

1.000 

T29.8 

1.000 

i,on.4 

1.000 

M 

lOO.T 

.46 

288 

180.9 

.46 

160 

X 

65.7 

.80 

441 

117.2 

.80 

247 

187.2 

.800 

154 

219.6 

.801 

182 

801.7 

J»0 

M 

1 

43.8 

.20 

662 

78.9 

.18 

892 

111.0 

.178 

261 

128.8 

.176 

225 

185.8 

.172 

167 

S 

28.4 

.18 

1.020 

44.7 

.11 

648 

66.2 

.106 

488 

75.2 

.108 

885 

96.0 

.091 

894 

i 

19.8 

.09 

1,464 

28.1 

.07 

1,081 

41.2 

.066 

708 

46.0 

.068 

630 

60.8 

.066 

4m 

6 

23.4 

.06 

1,238 

88.7 

.054 

860 

84.8 

.047 

845 

1 

45.2 

.042 

642 

A  smooth  or  polished  surface  is  of  itself  a  Kood  protection,  polished  tin 
or  Russia  iron  having  a  ratio,  for  radiation,  of  53  to  100  for  cast  Iron.  Mere 
color  makes  but  little  difference. 

Table  of  Conducting  Power  of  Various  Substances. 

{From  Ptdet.) 


Substance. 

Conducting 
Power. 

Substance. 

Conducting 
Power. 

Blottin&r  naner 

.274 
.314 

.323 

.418 
.523 
.531 
.563 
.636 

Wood,  across  fiber. 

Cork  

Coke,  pulverized  

.83 

Eiderdown   

Cotton  or  Wool, ) 

1.15 
1.29 
1X1 
1.40 
8.86 

any  aensiiy      ) 

Hemp,  canvas 

Mahogany  dust  

Wood  ashes  

lucLUi  ruuucr   

Wood,  with  fiber  

Plaster  of  Paris 

Baked  clav 

4.88 

Straw  

Charcoal  powder  

Glass  

Stone 

6.60 
18.68 

Hair  or  wool  felt  has  the  disadvantage  of  becoming  soon  charred  fh>m 
the  heat  of  steam  at  high  pressure,  and  sometimes  of  taking  fire  therefrom. 
This  has  led  to  a  variety  of  "cements"  for  covering  pipes— composed  gen- 
erally of  clay  mixed  with  different  substances,  as  asbestos,  paper  fiber, 
charcoal,  etc.  A  series  of  careful  experiments,  made  at  the  Massachusetts 
institute  of  Technology  in  1871,  showed  the  condensation  of  steam  in  a  pipe 
covered  by  one  of  them,  as  compared  with  a  naked  pipe,  and  one  clothed 
with  hair  felt,  was  100  for  the  naked  pipe,  67  for  the  '^cement"  covering, 
and  27  for  the  hair  felt. 

The  presence  of  sulphur  in  the  best  coverings  and  its  recognized  injurious 
effects  make  it  imperative  that  moisture  be  kept  Arom  the  coverings,  for, 
if  present,  it  will  surely  combine  with  the  sulpnur,  thus  making  it  active. 
Stated  in  other  words,  keep  the  pipes  and  coverings  in  good  repair.  Much 
of  the  inefficiency  of  coverings  Is  due  to  the  lack  of  attention  given  them; 
they  are  often  seen  hanging  loosely  from  the  pipe  which  they  are  supposed 
to  protect. 
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Tablb  of  Rblatitb  Value  of  Non-Conductobs. 
{From  Chat.  E.  Emery,  Ph.  D.) 


Non-€k>iiductor. 

Value. 

Non-Ck>nductor. 

Value. 

Wool  felt  

1.000 
.832 
.715 
.680 
.676 
.632 
.553 

Loam,  dry  and  open  

Slaked  lime  

Gais-hoiise  carbon  , 

.550 

Mineral  wool  No.  2  

Mineral  with  tar 

.480 
.470 

Sawdugt 

Mineral  wool  No.  1  

Asbestos   

Ortftl  ashes 

.863 
.345 

Charcoal 

Coke  in  lumps 

.277 

Pine  wood  across  fiber 

Air  space  undivided  

.136 

Carbonate  of  mamesia,  aa  compared  with  wool  felt  at  1.000,  has  a  rela- 
tive value  of  .472.  This  is  determined  fh)m  tests  by  Prof.  Ordway,  of  Boston, 
and  adjusted  to  results  shown  in  Prof.  Emery's  tests. 

"  Mineral  wool,"  a  fibrous  material  made  from  blast-fUmace  slag,  is  a 
good  protection,  and  is  incombustible. 

Cork  chips,  cemented  together  with  water  glass,  make  one  of  the  best 
coverings  known. 

A  cheap  jacketing  for  steam  i^pes,  but  a  very  efficient  one,  may  be 
applied  as  follows:  first,  wrap  the  pipe  in  asbestos  paper,  though  this  may 
be  dispensed  with;  then  lay  slips  of  wood  lens^ways,  ft-om  6  to  12,  accord- 
ing to  size  of  pipe,  binding  them  in  position  with  wire  or  cord,  and 
around  the  framework  thus  constructed  wrap  roofing  paper,  fastening  it 
by  paste  or  twine.  For  flanged  pipe,  space  may  be  left  lor  access  to  the 
boltis,  which  space  should  be  filled  with  felt.  If  exposed  to  weather,  use 
tarred  paper,  or  paint  the  exterior.  A  French  plan  is  to  cover  the  surface 
with  a  rough  flour  paste,  mixed  with  sawdust  until  it  forms  a  moderately 
stifif  dough.  Apply  with  a  trowel  in  layers  of  about  i  in.  thick;  rive  4  or  5 
layers  in  all.  If  iron  surfaces  are  well  cleaned  ft-om  grease,  the  adhesion  is 
'perfect.  For  copper,  first  apply  a  hot  solution  of  clay  in  water.  A  coating 
of  tar  renders  the  composldon  impervious  to  the  weather. 


DATA   FOR    PROPORTIONING  AN    KCONOMIZKR. 

( The  Oreen  Fud  Economizer  Co.,  Maiteawan,  N.  Y.) 

The  following  estimate  is  given  for  the  amount  of  heating  surface  to  be 

grovided  in  an  economizer  to  be  used  in  connection  with  a  given  amount  of 
oilers: 

By  allowing  4  sq.  ft.  of  heating  surface  per  boiler  horsepower  (Centennial 
ratiiu^,  84i  lb.  of  water  evaporated  from  and  at  212°  =  1  H.  P.),  we  are  able 
to  rafie  the  feedwater  60°  for  every  100°  reduction  in  the  temperature  enter- 
ins  the  economizer  with  gases  from  450°  to  600°.  These  results  are  cor- 
roDorated  by  Mr.  Barrus's  tests. 

With  the  temperature  of  the  gases  entering  the  economizer  at  600°  to  700°, 
we  have  allowed  4^  to  5  sq.  ft.  of  heating  surface  per  boiler  horsepower, 
and  for  every  100°  reduction  of  gases  we  have  obtained  about  65°  rise  in 
temperature  of  the  water;  the  temperature  of  the  feedwater  entering  aver- 
agine  from  60°  to  120°. 

with  5,000  sq.  ft.  of  boiler  heating  surface  (plain  cylinder  boilers)  develop- 
ing 1,000  H.  P.,  we  should  recommend  using  5  sq.  ft.  of  economizer  heating 
surface  per  B.  H.  P.,  or  an  economizer  of  about  500  tubes,  and  it  should  heal 
the  feedwater  about  300°.  

CARE   OF   BOILERS. 

1.  Stfetv  Yilves.— Great  care  should  be  exercised  to  see  that  these  valves 
are  ample  m  size  and  in  working  order.  Overloading  or  neglect  frequently 
leads  to  the  most  disastrous  results.  Safety  valves  should  l^  tried  at  least 
once  every  day,  to  see  that  they  act  freely. 

2.  Pressure  Gtugs.— The  steam  gauge  should  stand  at  zero  when  the 
pressure  is  off,  and  it  should  show  same  pressure  as  the  safety  valve  when 
that  is  blowing  off.  If  not,  then  one  is  wrong,  and  the  gauge  should  be 
tested  by  one  Imown  to  be  correct 
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8.  Water  Ltvel.— The  first  duty  of  an  engineer  before  starting,  or  at  the 
beginning  of  his  watch,  is  to  see  that  the  water  is  at  the  proper  height.  Do 
not  rely  on  glass  gauges,  floats,  or  water  alarms,  but  try  the  gauge-cocks. 
If  they  do  not  agree  with  water  gauge,  learn  the  cause  and  correct  it. 

4.  Gtugs-eecks  tnd  water  gauges  must  be  kept  clean.  Water  gauges  should 
be  blown  out  frequently,  and  the  glasses  and  passages  to  them  kept  clean. 
The  Manchester,  England,  Boiler  Association  attributes  more  accidents  to 
inattention  to  water  gauges  than  to  all  other  causes  put  together. 

6.  Feed-Pump  or  Injector.— These  should  be  kept  in  perfect  order,  and  be 
of  ample  dze.  No  make  of  pump  can  be  expected  to  be  continuously 
reliable  without  regular  and  careAiI  attention.  It  is  always  safe  to  have  two 
means  of  feeding  a  boiler.  Check-valves  and  self-acting  feed-valves  should 
be  frequently  examined  and  cleaned.  Satisfy  yourself  frequently  that  the 
valve  IS  acting  when  the  feed-pump  is  at  work. 

6.  Low  Water.— In  case  of  low  water,  immediately  cover  the  fire  with 
ashes  (wet  if  possible)  or  any  earth  that  may  be  at  hand.  If  nothing  else  is 
handy,  use  fresh  coal.  Draw  fire  as  soon  as  it  can  be  done  without  increas- 
ing the  heat.  Neither  turn  on  the  feed,  start  nor  stop  engine,  nor  lift  safety 
valve  uutU  fires  are  out  and  the  boiler  cooled  down. 

7.  Blisters  end  Creeks.— These  are  liable  to  occur  in  the  best  plate  iron. 
When  the  first  indication  appears,  there  must  be  no  delay  in  having  it 
carefhlly  examined  and  properly  cared  for. 

8.  Fusible  plugs,  when  used,  must  be  examined  when  th^  boiler  is  cleaned, 
and  careftilly  scraped  clean  on  both  tiie  water  and  fire  sides,  or  they  are 
liable  not  to  act. 

9.  Firing.- Fire  evenly  and  regularly,  a  little  at  a  time.  Moderately 
thick  fires  are  most  economical,  but  thin  firing  must  be  used  where  tiie 
draft  is  poor.  Take  care  to  keep  grates  evenly  covered,  and  allow  no  air 
holes  in  the  fire.  Do  not  "clean"  fires  oftener  than  necessary.  With 
bituminous  coal,  a  "  coking  fire,"  i.  e.,  firing  in  front  and  shoving  back 
when  coked,  gives  best  results  if  properly  managed. 

10.  Cleenlng.— All  heating  surfaces  must  be  kept  clean  outside  and  in,  or 
there  will  be  a  serious  waste  of  ftiel.  The  frequency  of  cleaning  will  depend 
on  the  nature  of  friel  and  water.  When  a  new  feedwater  supply  is 
introduced,  its  eflTect  ujwn  the  boiler  should  be  closely  observed,  as  this  new 
supply  may  be  either  an  advantage  or  a  detriment  as  compared  with  the 
working  of  the  boiler  previous  to  its  introduction.  As  a  rule,  never  allow 
over  A''  scale  or  soot  to  collect  on  surfaces  between  cleanings.  Handholes 
should  be  frequently  removed  and  surfaces  examined,  particularly  in 
case  of  a  new  boiler,  until  proper  intervals  have  been  established  by 
experience. 

The  exterior  of  tubes  can  be  kept  clean  by  the  use  of  blowing  pipe  and 
hose  through  openings  provided  for  that  purpose.  In  using  smoky  niel,  it  is 
l)est  to  occasionally  brush  the  surfaces  when  steam  is  off. 

11.  Hot  Feedwater.— Cold  water  should  never  be  fed  into  any  boiler  when 
it  can  be  avoided,  but  when  necessary  it  should  be  caused  to  mix  with  the 
heated  water  before  coming  in  contact  with  any  portion  of  the  boiler. 

12.  Fcemlng.— When  foaming  occurs  in  a  boiler,  checking  the  outflow  of 
steam  will  usually  stop  it.    If  caused  by  dirty  water,  blowing  down  and 

Sumping  up  will  generally  cure  it.    In  cases  of  violent  foaming,  check  the 
raft  ana  fires. 

13.  Air  Leaks.— Be  sure  that  all  openings  for  admission  of  air  to  boiler  or 
flues,  except  through  the  fire,  are  carefully  stopped.  This  is  frequently  an 
unsuspected  cause  of  serious  waste. 

14.  Blowing  Off.— If  feedwater  is  muddy  or  salt,  blow  off  a  portion  ft^ 
quently,  according  to  condition  of  water.  Empty  the  boiler  every  week  or 
two,  and  fill  up  afresh.  When  surface  blow  cocks  are  used,  they  should  be 
often  opened  tor  a  few  minutes  at  a  time.  Make  sure  no  water  is  escaping 
troTo.  the  blow-off  cock  when  it  is  supposed  to  be  closed.  Blow-off  cocks  and 
check-valves  should  be  examined  every  time  the  boiler  is  cleaned.  Never 
empty  the  boiler  while  the  brickwork  is  hot. 

15.  Leeks.— When  leaks  are  discovered,  they  should  be  repaired  as  soon 
as  possible. 

16.  Filling  Up.— Never  pump  cold  water  into  a  hot  boiler.  Many  times 
leaks,  and,  in  shell  boilers,  serious  weaknesses,  and  sometimes  explosioiis 
are  the  result  of  such  an  action. 
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17.  DtmpMtfl.— Take  care  that  no  water  comes  In  contact  with  the 
exterior  of  the  boiler  from  any  cause,  as  it  tends  to  corrode  and  weaken 
the  boiler.     Beware  of  all  dampness  in  seatines  and  covering. 

'  18.  Galvanic  Aotion.— Examine  frequently  parts  in  contact  with  copper  or 
brass,  where  water  is  present,  for  siccus  of  corrosion.  If  water  is  salt  or  acid, 
some  metallic  zinc  placed  in  the  boiler  will  usually  prevent  corrodon,  but  it 
will  need  attention  and  renewal  firom  time  to  time. 

19.  Rapid  Firing. —In  boilers  with  thick  plates  or  seams  exposed  to  the 
fire,  steam  shoula  be  raised  slowly,  and  rapid  or  intense  firing  avoided. 
With  thin  water  tubes,  however,  and  adequate  water  circulation,  no  dam- 
age can  come  from  that  cause. 

20.  Standing  Unused.— If  a  boiler  is  not  reauired  for  some  time,  empty  and 
dry  it  thoroughly.  If  this  is  impracticable^ll  it  quite  full  of  water,  and  put 
in  a  quantity  of  common  washing  soda.  External  parts  exposed  to  damp- 
ness should  receive  a  coating  of  linseed  oil. 

21.  Repair  of  Covsrlngt.— AH  coverings  should  be  looked  after  at  least  once 
a  year,  given  necessary  repairs,  reflttea  to  the  pipe,  and  the  spaces  due  to 
shrinka^  taken  up.  Little  can  be  expected  from  the  best  non-conductors  if 
they  are  allowed  to  become  saturated  with  water,  or  if  air-currents  are 
permitted  to  circulate  between  them  and  the  pipe. 

22.  General  Cleenlineee.- All  things  about  the  boiler  room  should  be  kept 
clean  and  in  good  order.    Negligence  tends  to  waste  and  decay. 


THICKNESS  OP  BOILER    IRON    REQUIRED  AND  PRESSURE 
ALLOWED    BY  THE    LAWS   OP  THE    UNITED   STATES. 

Pressure  Equivalent  to  the  Standard  for  a  Boiler  42  In.  in  Diam* 

ETER  AND  i  IN.  THICK. 


Diameter. 

Thickness. 
16ths. 

34  In. 

86  In. 

88  In. 

40  In. 

42  In. 

44  In. 

46  In. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

5 

169.9 

160.4 

152.0 

144.4 

137.5 

131.2 

125.6 

4i 

168.5 

149.7 

141.8 

134.7 

128.3 

122.5 

117.2 

4 

135.9 

128.3 

121.6 

115.5 

110.0 

105.0 

100.0 

3f 

124.5 

117.6 

111.4 

105.9 

100.8 

96.2 

92.0 

sl 

113.2 

106.9 

101.3 

96.2 

91.7 

87.5 

83.0 

8 

101.9 

96.2 

91.2 

82.6 

82.5 

78.7 

75.1 

The  rule  for  finding  the  proper  sectional  area  for  the  narrowest  part  of 
the  nozzle  is  given  by  Rankine,  8.  E.,  page  477,  as  follows: 

,     ,           cubic  feet  per  hour  gross  feedwater 
Area  in  square  inches  = .  ° 

8001/  pressure  in  atmospheres 


4 

Delivery  in  Gallons  per  Hour  with  a  Pressure 

Diameter  of 

per  Square  Inch  of 

Throat.    Decimals 

of  an  Inch. 

30  Lb. 

46  Lb. 

60  Lb. 

75  Lb. 

90  Lb. 

.10 

56 

69 

80 

89 

98 

.16 

127 

156 

180 

201 

221 

.20 

226 

278 

321 

360 

393 

S& 

354 

434 

502 

561 

615 

^ 

605 

624 

722 

807 

884 

188 


BOILERS. 


Pressure  of  Steam  at  Different  TemperatttrbsI. 
{RestUta  qf  Experimenti  Made  by  the  Franklin  InstUiUe.) 


Pressure. 

Teini)era- 

Pressure. 

Tempera- 

Pressure. 

Tempera- 

Inches of 

ture. 

Inches  of 

ture. 

Inches  of 

ture. 

Mercury. 

Degrees  F. 

Mercury. 

Degrees  F. 

Mercury. 

Degrees  F. 

30 

212.0 

135 

298.5 

225 

331.0 

45 

235.0 

150 

304.5 

240 

336.0 

60 

250.0 

165 

310.0 

255 

340.5 

75- 

264.0 

180 

316.5 

270 

345.0 

90 

275.0 

195 

321.0 

285 

349.0 

105 

284.0 

210 

326.0 

300 

352.5 

120 

291.5 

MAXIMUM  Economy  of  Plain  Cylinder  Boilers. 


Per  sq.  ft.  heating 
surface    per  hour 

Per  lb.  combustible, 
maximum  of  other 
boilers,  Centennial 
tests 

Subtract  extra  radia- 
tion loss  for  cylin- 
der boilers 

Probable  maximum 
per  lb.  combus- 
tible, cylinder 
boilers 


Pounds  of  Water  £vai)orated  From  and  at  212°. 


1.70 


11.90 


1.32 


2.00 


12.00 


1.12 


2.60 


12.10  12.a5 


.87 


10.58  10.88  11.23 


.75 


11.80 


3.50 


12.00 


.64 


11.36 


4.00 


11.85 


.56 


11.29 


4.50 


11.70 


.50 


11.20 


5.00 


11.50 


.45 


11.05 


6.00  7.00 


10.85 


.37 


10.48 


9.80 


.32 


9.48 


8.00 


8.50 


.28 


8.22 


Scheme  for  Boiler  Test. 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
28 


Number  of  test  

Made  by „ 

Type  of  boiler 

Date  of  test 

Duration  of  test 

Dimensions  and  Proportiom. 

Number  of  boilers  tested  

Diameter,  boiler   

Length,  boiler 

Width,  grate  

Length,  grate 

Number  of  tubes  

Diameter  of  tubea 

Length  of  tubes 

Total  water  heating  surface 

Total  steam  heating  surface   

Grate  surface  per  boiler 

Per  cent,  air  space  in  grate 

Ratio  water  heating  to  grate  surface 

Area  of  stack  

Height  stack  above  dead  plates 

Raoo  stack  area  to  grate  surface  

Averc^e  Pressures. 

Atmosphere  by  barometer 

Steam  pressure  by  gauge 


Hr. 


In. 
Ft.  In. 
P^.In. 
Ft  In. 

No. 

In. 
Ft.  In. 
Sq.Ft. 
Sq.Ft. 
Sq.Ft. 


In. 
Lb. 
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24 

25 

26 

27 
28 
29 
80 
81 

32 
83 
84 
85 
86 
87 
38 

89 
40 

41 
42 
43 
44 

45 
46 

47 

48 
49 
50 

51 
52 

53 
54 
55 
56 


Force  chimney  draft,  inches  water „ 

Force  blast  in  ash  pit,  inches  water 

Average  Temperaturet. 

Of  external  air 

Offireroom 

Of  steam   

Of  feedwater  before  heater „ 

Of  feed  water  after  heater. 

Of  stack  gases 

FueL 

Kind  of  coal    - 

Total  coal  consumed 

Moisture  in  coal 

Total  dry  coal  consumed 

Total  ash  and  reftise  

Per  cent,  ash  and  refhse  in  dry  coal  

Total  combustible  consumed 

Calorimetric  Tests. 

Per  cent,  moisture  in  steam 

Degrees  superheat  in  steam 

Water, 

Total  water  pumped  into  boiler. 

Water  evaporated  corrected  for  quality  of  steam 

Equiv.  water  evap.  to  dry  steam  flx)m  and  at  212°  

Equiv.  water  evap.  to  dry  steam  from  and  at  212°  per  hour 

Economic  Evaporation. 

Water  evap.  per  lb.  dry  coal  actual  pressures  and  temp 

Equiv.  water  evap.  lb.  dry  coal  from  and  at  212° , 

Equiv.  water  evap.  lb.  combustible  from  and  at  212° 

»  Rate  of  Combustion. 

Dry  coal  burned  per  hr.  per  sq.  ft.  grate  surface  

Combustible  burned  per  nr.  per  sq.  ft.  grate  surfioce 

Dry  coal  per  hour  per  H.  P.  developed 

Rate  of  EvaporaUon. 

Water  evap.  from  and)  Per  sq.  ft.  erate  sur&ce  

at  212°  per  hour /Per  sq.  ft.  Beating  surface 

Comm£rci(U  Horsepower. 

Basis  20  lb.  water  from  100°  feed  to  70  lb.  steam  per  hour 

Horsepower  builders  rating 

Heating  surface  to  one  horsepower  developed 

Per  cent,  total  horsepower  due  to  feedheater 


In. 
In. 

°F. 
°F. 

°F. 

op 

op; 

°F. 


Lb. 

i 

Lb. 
Lb. 

i 

Lb. 

i 

°F. 

Lb. 
Lb. 
Lb. 
Lb. 

Lb. 
Lb. 
Lb. 

Lb. 
Lb. 
Lb. 

Lb. 
Lb. 

H.  P. 
H.  P. 
Sq.Ft. 


CHIMNEYS. 

Chimneys  have  two  important  duties  to  perform,  the  first  being  to  carry 
off  the  waste  ftimace  gases,  which  requires  size,  and  the  second,  to  produce 
%  draft  sufficient  to  Insure  the  complete  combustion  of  the  fuel,  which 
requires  height.  The  area  of  a  chimney  is  usually  made  from  f  to  ^  as  large 
as  the  area  of  the  frimace  grates,  or  of  about  the  same  cross-section  as  the 
cross-sectional  area  of  the  flues  or  tubes;  we  have,  therefore,  a  comparatively 
simple  method  of  determining  one  of  the  required  dimensions  of  a  chimnev, 
and,  when  this  is  known,  it  becomes  an  easy  matter  to  determine  the  heignt 
of  the  chimney  when  the  horsepower  of  the  boiler  has  been  ascertained. 

The  horsepower  of  a  boiler  being  given,  and  the  necessary  chimney  area 
having  been  determined,  the  following  rule  gives  the  required  height  that 
the  chimney  must  be  to  produce  the  necessary  draft: 

9!tt\t,—From  S.SS  times  the  area  of  the  chimney  in  square  feet,  sitbtract  twice  the 
sgttareroot  of  the  area  of  the  chimney  m  sgiiarefeet,  ana  divide  the  given  horsepower 
ly  the  remainder.  The  square  of  the  quotient  will  he  the  height  of  the  chimney  in  feet. 

Let  A  =  area  of  chimney; 

H  —  horsepower  of  boiler; 
h  =  height  of  chimney. 


Then, 


\3.83^-2i/-4/ 
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ExABfPLB.— What  must  be  the  heieht  of  a  chimney  that  is  to  haye  a  ciom* 
sectional  area  of  7  sq.  ft.,  and  to  supply  the  draft  for  a  141-horsepower  boiler  r 

*  "  (8.88X^-2,/ 7)  °  (8.83X7-*!2X2.66))  =  "»  "•   ^^ 

Forotd  Draft— The  use  of  forced  draft  as  a  substitute  for,  or  as  an  aid  to, 
natural  chimney  draft  is  becoming  quite  common  in  large  boiler  plants. 
Its  advantages  are  that  it  enables  a  ooiler  to  be  driven  to  its  maxlmnm 
capacity  to  meet  emergencies  without  reference  to  the  state  of  the  weather 
or  to  the  character  ojf  the  coal:  that  the  draft  is  independent  of  the  tempera- 
ture of  the  chimney  gases,  and  that  therefore  lower  flue  temperatures  may 
be  used  than  with  natural  draft:  and  in  many  cases  that  it  enables  a  poorer 
quality  of  coal  to  be  used  than  is  required  with  natural  draft  Forced  draft 
may  be  obtained:  First,  by  a  steam  jet  in  the  chimney,  as  in  locomotives  and 
steam  fire-engines;  second,  by  a  steam-Jet  blower  under  the  grate  bars; 
third,  by  a  fan  blower  delivering  air  under  the  grate  bars,  the  ash-pit  doors 
being  closed;  fourth,  by  a  fkn  blower  delivering  air  into  a  closed  nreroonL 
as  in  the  "  closed  stoke-hold  "  system  used  in  some  ocean-going  vessels;  and 
fifth,  bv  a  fan  placed  in  the  flue  or  chimney  drawing  the  gases  of  combustion 
from  the  boilers,  commonly  called  the  induced-d/rcijt  aystem.  Which  one  of 
these  several  systems  should  be  adopted  in  any  special  case  will  usually 
depend  on  local  conditions.  The  steam  Jet  has  the  advantage  of  lightness 
and  compactness  of  apparatus,  and  is  therefore  most  suitable  for  locomotives 
and  steam  fire-engines,  but  it  also  Is  the  most  wasteftil  of  steam,  and  there- 
fore should  not  be  used  when  one  of  the  fan-blower  systems  is  available, 
except  for  occasional  or  temporarv  use,  or  when  very  cheap  ftiel,  such  as 
anthracite  culm  at  the  coal  mines,  is  used. 


STEAM  ENGINES. 

What  la  a  Good  Stt am  Englnt  ?— It  should  be  as  direct  acting  as  possible; 
that  is,  the  connecting  parts  between  the  piston  and  the  crank-shait  should 
be  few  in  number,  as  each  part  wastes  some  power.  Formerly,  beam 
engines  were  all  the  rage.  They  were  well  enough  in  th^ir  time  for  pump- 
ing, when  the  pump  was  at  one  end  of  the  beam  and  the  piston  at  the  other. 
Few  of  our  modem  colliery  engines  have  such  an  appendage,  except  in 
some  instances  for  pumping,  and  even  for  that  kind  of  work  the  Mtter 
engines  have  no  beams.  The  moving  parts  of  an  engine  should  be  strong,  to 
reSst  strains,  and  light,  so  as  to  offer  no  undue  reastance  to  motion;  parts 
moving  upon  each  other  should  be  well  and  truly  and  smoothly  finished,  to 
reduce  resistances  to  a  minimum;  the  steam  should  get  into  the  cylinder 
easily  at  the  proper  time,  and  the  exhaust  should  leave  the  cylinder  as 
exactly  and  as  easUy.  The  steam  pipes  supplying  steam  should  have 
an  area  one-tenth  the  combined  areas  of  the  cylinders  Uiey  supply,  and 
exhaust  pipes  should  be  somewhat  larger.  The  cylinder  and  the  st^m  pipes 
and  the  boiler  should  be  well  protected.  The  engine  should  be  capame  of 
being  started  and  stopped  and  reversed  easily  and  quickly. 

Rule.— 7b  find  the  indicated  horsepowei'  aeveUmed  by  an  engine.  mvUiply 
together  the  M.  E.  P.  per  square  inch,  the  area  of  the  piston,  the  length  qfdroke^ 
and  the  number  of  strokes  per  miniUe.  This  gives  the  work  per  minute  in  foot- 
pounds. Divide  the  product  by  S$,000;  the  resuU  will  be  the  indicated  horse' 
power  of  the  engine. 

Let  I.  H.  P.  =  indicated  horsepower  of  engine; 

P  =  M.  E.  P.  in  pounds  per  square  inch; 

A  =  area  of  i^ston  in  square  inches; 

L  =  length  of  stroke  in  feet; 

N  =  number  of  strokes  per  minute. 
Then,  the  above  rule  may  be  expressed  thus: 

_PLAJf 

'  "•  ^-  ~     33;000  • 

The  number  of  strokes  per  minute  is  twice  the  number  of  revolutions  p« 
minute.  For  example,  if  an  engine  runs  at  a  speed  of  210  revolutions  per 
minute,  it  makes  420  strokes  per  minute.  A  few  types  of  engines,  however, 
are  single  acting;  that  is,  the  steam  acts  on  only  one  side  of  the  piston. 
In  this  case,  only  1  stroke  per  revolution  does  work,  and,  consequently,  the 
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number  of  strokes  per  minute  to  be  used  In  the  above  rule  is  the  same  as  the 
number  of  revolutions  per  minute.  .         ,  ^    ^ 

Example.— The  diameter  of  the  piston  of  an  engine  is  10  in.  and  the 
length  of  stroke  16  in.  It  makes  260  revolutions  per  minute,  with  a  M.  £.  P. 
of«lb.  persq.  in.    What  is  the  horsepower? 

As  it  fe  not  stated  whether  the  engine  is  single  or  double  acting,  assume 
that  it  is  double  acting.  Then,  the  number  of  strokes  is  250  X  2  —  600  per 
minute.    Hence, 

Approximitf  Ottirminition  of  M.  E.  P.— To  approximately  determine  the 
M.  E.  P.  of  an  engine,  when  the  point  of  apparent  cut-off  is  known  and  the 
boiler  pressure,  or  the  pressure  per  square  Inch  in  the  boiler  ftom  which 
the  supply  of  steam  is  obtained,  is  given: 

Rulf .— -4dd  lk.7  to  the  gauge  preamre,  and  multiply  the  retuU  by  the  number 
oppowUe  the  fraction  indicating  the  point  qf  cutroff  in  the  following  table.  Subtract 
17  from  the  product,  and  muttiply  by  .9.  The  result  is  the  M.  E.  P.  for  good^ 
timfUe  non-condenHng  engines. 

Or,  letting 

p  •»  gauge  pressure; 

Jk  s  a  constant  (see  following  table); 

M.  B.  P.  >-  mean  effective  pressure. 


Then, 


M.  E.  P.  -  .«[fc(p  + 14.7)  - 17]. 


Tabls. 


Cut-Off. 

Constant. 

Cut-Off. 

Constant. 

Cut-Off. 

Constant. 

■  : 

.566 

! 

.771 

.1 

.917 

.603 

.789 

.926 

,  . 

.659 

•i 

.847 

.1 

.937 

.1 

.708 

.895 

044 

.«rrx 

i 

.743 

f 

.904 

i 

.951 

If  the  engine  is  a  simple  condensing  one,  subtract  the  pressure  in  the 
condenser  instead  of  17.  The  fraction  indicating  the  point  of  cut-off  is 
obtained  by  dividing  the  distance  that  the  piston  has  traveled  when  the 
steam  is  cut  off  by  the  whole  length  of  the  stroke.  For  a  }  cut-off,  and  d2  lb. 
gauge  pressure  in  the  boiler,  the  M.  E.  P.  is,  by  the  formula  just  given, 
.9 [.917(02  +  14.7)  -  17]  =  72.6  lb.  per  sq.  in. 

Example.— Find  the  approximate  1.  H.  P.  of  a  9"  X  12"  non-condensing 
engine,  cutting  off  at  i  stroke,  and  making  240  revolutions  per  minute.  The 
bofler  pressure  is  80  lb.  gauge. 

80  + 14.7  =  94.7.  The  constant  for  i  cut-off  is  .847,  and  .847  X  boiler 
pressure  =  .847  X  94.7  =  80.21.  M.  E.  P.  =  (80.21  — 17)  X  .9  =  66.89  lb.  per 
sq.  in.    Then, 


PLAN       56.89  X  H  X  (.7854  X  9»)  X  240  X  2 


1.  XX.  jr.  gg^^j^ 


33,000 


=  52.64  H.  P.  Ans. 


RULES   FOR   ENGINE   DRIVERS. 

If  a  gauge  glass  breaks,  turn  off  the  water  first  and  then  the  steam,  to 
avoid  scalding  yourself. 

Don't  buy  oil  or  waste  simply  because  it  is  very  cheap;  it  will  cost  more 
than  a  good  article  in  the  ena. 
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In  cattine  robber  for  gaskets,  etc.,  have  a  dish  of  water  handy,  and  keep 
wetting  the  knife  blade;  it  makes  the  work  much  easier. 

Doirt  forget  that  there  is  no  economy  in  employing  a  poor  fireman.  He 
can,  and  probably  will,  waste  more  coal  than  would  pay  the  wages  of  a  first- 
class  man. 

An  ordinary  steam  engine  having  two  cylinders  connected  at  right  angles 
on  the  same  shaft  consumes  one-tnird  more  steam  than  a  single-cylinder 
engine,  while  developing  only  the  same  amount  of  power. 

A  ftisible  plug  ought  to  be  renewed  every  three  months,  by  removing  the 
old  metal  and  refilling  the  case;  and  it  should  be  scraped  clean  and  bright 
on  both  ends  every  time  that  the  boiler  is  washed  out,  to  keep  it  in  good 
working  order. 

When  you  try  aeauge-cock,  don't  jerk  it  open  suddenly,  for  if  the  water 
happens  to  be  a  trine  below  the  cock,  the  sudden  relief  from  pressure  at  that 
point  may  cause  it  to  lift  and  flow  out,  deceiving  you  in  regard  to  its  height, 
whereas,  if  you  open  it  quietly,  no  lift  will  occur,  and  you  ascertain  surely 
whether  there  is  water  or  steam  at  that  level. 

Always  open  steam  stop-valves  between  boilers  very  gently,  that  they 
may  heat  and  expand  gradually.  By  suddenly  turning  on  steam  a  stop* 
valve  chest  was  burst,  due  to  the  expansive  power  of  heat  unequal^ 
applied.  The  same  care  is  also  recommended  when  shutting  off  stop- valves. 
A  learftil  explosion  once  occurred  by  shutting  a  communicaling  stop-valve 
too  suddenly— due  to  the  recoil. 

In  order  to  obtain  the  driest  possible  steam  fix)m  a  boiler,  there  should  be 
an  internal  perforated  pipe  (dry  pipe,  so  called)  fixed  near  the  top  of  the 
boiler,  and  suitably  connected  to  the  steam  pipe.  The  perforations  in  this 
pipe  should  be  fromone-auarter  to  one-half  greater  in  area  than  that  of  the 
steam  pipe.  Domes  are  of  no  use  as  steam  dners;  they  only  add  a  verv  little 
to  the  steam  space  of  a  boiler,  and  are  often  a  source  of  loss  by  radiation. 

If  a  glass  gauge  tube  is  too  long,  take  a  triangular  file  and  wet  it  with 
turpentine;  hold  the  tube  in  the  lert  hand,  with  the  thumb  and  forefinger  at 
the  place  where  you  wish  to  cut  it,  saw  it  quickly  and  lightly  two  or  three 
times  with  the  edge  of  the  file,  and  it  will  mark  the  glass.  Now  take  the 
tube  in  both  hands,  both  thumbs  being  on  the  side  opposite  the  mark,  and 
an  inch  or  so  apart,  and  then  try  to  bend  the  glass,  using  your  thumbs  as 
fUlcrums,  and  it  will  break  at  the  mark,  which  has  weakened  the  tube. 

A  stiff  charge  of  coal  all  over  a  flirnace  will  lower  the  temperature  TfXfi 
or  300°  in  a  very  short  time.  After  the  coal  is  well  ignited  the  temperature 
will  rise  about  500°,  and  as  it  continues  burning  will  gradually  drop  about 
200°,  until  the  fireman  puts  in  another  charge,  when  the  sudden  fall  before 
mentioned  takes  place  again.  This  sudden  contraction  and  expansion 
frequently  causes  the  bursting  of  a  boiler,  and  it  is  for  this  reason  that  light 
and  frequent  charges  of  coal,  or  else  firing  only  one-half  of  the  fUmace  at  a 
time,  should  be  always  insisted  on. 

Be  careful  when  using  a  wrench  on  hexagonal  nuts  that  it  fits  snugly,  or 
the  edges  of  the  nut  will  soon  become  rounded. 

Be  carefhl  how  you  use  a  monkey  wrench,  for  if  it  is  not  placed  on  the  nut 
properly  the  strain  will  often  bend  or  fracture  the  wrench. 

The  area  of  grate  for  a  boiler  should  never  be  less  than  ^  sq.  ft.  per  I.  H.  P. 
of  the  engine,  and  it  is  seldom  advisable  to  increase  this  allowance  beyond 


i  so.  ft.  per  I.  H.  P. 
Tl 


The  area  of  tube  surface  for  a  boiler  should  not  be  less  than  2i  sq.  ft  per 
I.  H.  P.  of  the  engine. 

The  ratio  of  heating  surface  to  grate  area  in  a  boiler  should  be  30  to  1  as  a 
minimum,  and  may  often  be  increased  to  40  to  1,  or  even  more,  with 
advantage. 

Lap-welded  pipe  of  the  same  rated  size  has  always  the  same  outside 
diameter,  whether  common,  extra,  or  double  extra,  but  the  internal  diame- 
ter is  of  course  decreased  with  the  increased  thickness. 

A  good  cement  for  steam  and  water  joints  is  made  by  taking  10  parts,  by 
weight,  of  white  lead,  3  parts  of  black  oxide  of  man^nese,  1  part  of  litharge, 
and  mixing  them  to  the  proper  consistency  with  boiled  linseed  oil. 

To  harden  a  cutting  tool,  heat  it  in  a  coke  fire  to  a  blood-red  heat  and 
plunge  it  into  a  solution  of  salt  and  water  (1  lb.  of  salt  to  1  gal.  of  water), 
then  polish  the  tool,  heat  it  over  gas,  or  otherwise,  until  a  dark  straw  and 
purple  mixed  color  shows  on  the  polish,  and  cool  it  in  the  salt  water. 

Small  articles  can  be  plated  with  brass  by  dipping  them  in  a  solution  of 
H  gs,  each  of  sulphate  or  copper  and  chloride  or  tin,  In  11  pt.  of  water. 
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Don't  be  et«null)'  tinkering  about  your  engine,  bat  let  well  enongb 

Don't  forget  that  with  a.  copper  hammer  you  can  drive  a  key  ]iul  as  well 
as  with  a  eteel  one,  and  (hat  It  aoesn't  leave  any  markn. 

Keep  on  hand  Blips  or  thin  sheet  copper,  braea,  and  tin.  to  lue  M  linen, 
and  If  yonahapeaonieorihem  properly,  much  time  will  be  saved  when  you 
need  tnem. 

A  tew  wooden  atewer  pins,  sueh  tx  butchers  nse.  are  very  useful  tor 
many  purposes  in  an  engine  room.   Try  them. 

In  running  a  line  of  ateam  pipe  where  there  are  certain  rigid  points, 
make  arrangements  fbr  expansion  on  tbe  line  between  those  points,  or  you 
will  come  U>  grief. 

Arrange  tbe  usual  work  of  the  engine  and  flrerooniB  systematlcallj'.  and 
adhere  to  It,    It  pays  well. 

ilnta  should  be  rolled  up  and  laid  away 
;  In  contact  urtth  It  will  cause  It  to  BOflen 

he  engine  make  three  or  fbnr  revolutions 
and  then  open  It  gradually,  letting  tbe 
ns  before  It  Is  opened  to  tbe  ftill  amoiml 


t  lengthwise.  Is  better  than  cotton  waste 

Ivea  In  such  a  manner  that  the  valve 

k  varnish  makes  a  good  coating  Ibr  Iron 

aullablefbr  use  In  preventing  rust, 
ass  bv  covering  It  with  a  thin  coating  of 
ling  the  wax  on  It,    Bcrape  off  the  wax 
a  little  Buoric  add  on  the  spot  with  a 
lugh  the  glaxs,  and  you  can  ahape  the 

if  copper,  i  at.  of  alum,  )  teaspoonful  of 
20  drops  of  nitric  acid  wfll  make  a  hole 
file  eaally.  Also,  If  applied  to  ateeland 
3ietal  a  beautiful!  fyoeted  appearance. 


Belts  ahould  not  be  made  Hghler  than  necessBry,  Over  half  the  trouble 
ttom  broken  pulleys,  hot  boxes,  ete.  can  be  traced  to  the  fault  of  tieht  belts, 
while  the  machinery  wears  much  more  rapidly  than  when  loose  bells  are 
emidoyed. 

The  Bpeed  of  belts  should  not  be  more  than  S,000  or  8,J6Q  ft.  per  minute. 

Tbe  motion  of  driving  should  run  viith  and  not  against  the  laps  of  tbe 
bells. 

Leather  belts  should  be  run  with  the  stronger  or  flesh  side  on  the  outside 
and  the  grain  (hair)  side  on  the  Inside,  nearest  the  pulley,  so  that  the 

stronger  port  of  the  belt  maybe  subject  to  t^"  ' ,......,->_„  j^„. 

aMmorelhanlf  run  with  the  tiesh  side  near 
adheres  belter  beeause  It  la  smooth.    Do  n 

Vfbea  the  length  of  a  belt  cannot  be  conveniently  ascertained  by 
measuring  around  the  pulleys  with  a  tape  line,  the  tbllowlng  rule  will  be 
serviceable: 

Add  the  diameters  of  the  2  pulleys  Wgetber  and  divide  by  2;  multiply 
this  qnotlenl  by  31.  and  to  the  product  add  twice  the  distance  between  the 
eeoten  of  the  shahs;  the  sum  will  t>e  the  Ifuglli  required. 
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COMPRESSED  AIR.* 

By  Pbop.  Robert  Peele. 


An  air  compressor  consists  essentially  of  a  cylinder  in  which  atmospheric 
air  is  compressed  by  a  piston,  the  drivins^  power  being  steam  or  water. 

Ciassifioation  of  CtrnprtMors.-— Steam-driven  compressors  in  ordinary  use 
may  be  classed  843  follows: 

(a)  Straight4in€  type,  in  which  a  single  horizontal  air  cylinder  is  set 
tandem  with  its  steam  cylinder,  and  provided  with  two  flywheels.  This 
pattern  is  generally  adapted  for  compressors  of  small  size. 

(6)  Duplex  type,  in  which  there  are  two  steam  cylinders,  each  driving  &n 
air  cylinder,  and  coupled  at  90°  to  a  crank-shaft  carrying  a  flywheel. 

(c)  HonzontcU,  croaa-compound  engines,  each  steam  cylinder  set  tandem 
with  an  air  cylinder,  as  in  (5). 

(d)  Vertical,  Hrnple,  or  compound  engines^  with  the  air  cylinders  set 
above  the  steam  cylinders. 

(e)  Compound  or  ^age  compressors,  in  which  the  air  cylinders  themselves 
are  compounded.  The  compression  is  carried  to  a  certain  point  in  one 
cylinder  and  successively  raised  and  Anally  completed  to  the  desired  pres- 
sure in  the  others.  They  may  be  either  of  the  straight-line  or  duplex  form, 
with  simple  or  compound  steam  cylinders. 

Classes  (a),  (6),  (c),  and  (e)  are  those  commonly  employed  for  mine 
service.  The  principle  of  compound,  or  two-stage,  air  compression  is 
recognized  as  applicable  for  even  the  moderate  pressures  required  in 
mining,  and  the  compressors  of  blass  (e)  are  frequently  employed. 

Construction  of  Compressors.— Compressors  are  usually  built  with  a  short 
stroke,  as  this  is  conducive  to  economy  in  compression  as  well  as  the  attain- 
ment of  a  proper  rotative  speed.  In  ordinary  single-stage  compressors,  the 
usual  ratio  of  length  of  strode  to  diameter  of  steam  cylinders  is  U  to  1  or  1^ 
to.  1.  In  some  makes,  such  as  the  Rand,  the  ratio  is  considerably  greater, 
varying  from  U  to  If  to  1,  eus  in  several  large  plants  built  for  the  <^umet 
&  Hecla  Mininsr  Co.  Many  compressors  have  length  and  diameter  of  steam 
cylinders  eaual.  The  relative  diameters  of  the  air  and  steam  cylinders 
depend  on  the  steam  pressure  carried,  and  the  air  pressure  to  be  produced. 
In  mining  oi)eration8,  there  is  usually  but  little  variation  in  tnese  con- 
ditions.   For  rock-drill  work,  the  air  pressure  is  generally  from  60  to  80  lb. 

In  using  water-power,  a  compressor  is  driven  most  conveniently  by  a 
bucket  impact  wheel,  such  as  the  Pelton  or  Knight.    The  waterwhe^  is 

fenerally  mounted  directly  on  the  crank-shaft,  without  the  use  of  geai^ig. 
ince  the  power  developed  is  uniform  throughout  the  revolution  of  the 
wheel,  the  compressor  should  be  of  duplex  form,  in  order  to  equalize  the 
resistance  so  far  as  possible.  The  rim  oi  the  wheel  is  made  extra  heavy,  to 
supply  the  place  of  a  flywheel.  When  direct-connected,  the  wheel  is  of 
relatively  largje  diameter,  as  its  speed  of  rotation  must  of  necessity  be  slow. 
With  small  high-speed  wheels,  the  compressor  cylinders  may  be  operated 
through  belting  or  gearing.  In  most  cases,  however,  the  waterwheel  may 
be  large  enough  to  render  gearing  unnecessary.  Impact  wheels  may  be 
employed  with  quite  small  heads  of  water,  by  introducing  multiple  nozzles. 
To  prevent  the  water  from  splashing  over  the  compressor,  the  wheel  is' 
enclosed  in  a  tight  iron  or  wooden  cailng.  The  force  of  the  water  is  regu- 
lated usually  by  an  ordinary  gate  valve.  If  the  head  be  great,  it  may  t>e 
necessary  to  introduce  means  for  deflecting  the  nozzle,  so  that,  when  the 
compressor  is  to  be  stopped  suddenly,  danger  of  rupturing  the  watw 
main  will  be  avoided. 

Theory  of  Air  Compression.— The  us^ul-  effect  or  efficiency  of  a  compressor  is 
the  ratio  of  the  force  stored  in  the  compressed  air  to  the  work  that  na«  been 
expended  in  compressing  it.  This  probably  never  reaches  8C^  and  often 
falls  below  60^. 


•  See  "  Mines  and  Minerals,"  Vols.  XIX  and  XX,  for  complete  discussion  of  this  snt^eet  by  tin 
•anw  author. 
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Free  air  is  air  at  OTdixuury  atmoti^erio  preaniie  as  taken  into  the  com- 
pressor cylinder.  As  commonly  used,  this  means  air  at  sea-leyel  pressure 
(14.7  lb.  per  sq.  in.)  at  60^  F. 

The  absoltue  prewure  of  air  is  measured  from  zero,  and  is  equal  to  the 
assumed  atmospheric  pressure  plus  gauge  pressure.  Air-compre^on  calcu- 
lations depend  on  the  two  well-known  laws: 

1.  Boyle'8  Law.— The  temperature  being  constant,  the  volume  varies 
inversely  as  the  pressure;  or  P  K  =  J*  F'  «  a  constant;  in  which  V  equals 
volume  of  given  weight  of  air  at  the  freezing  point,  and  the  pressure  P;  V 
equals  the  volume  of  the  same  weight  of  air  at  the  same  temperature  and 
under  the  pressure  P'. 

2.  Gki2^-IitM«ac'«Xaur.— The  volume  ofa  gas  under  constant  pressure,  when 
heated,  expands,  for  each  d^:ree  of  rise  in  temperature,  by  a  constant  pro- 
portional part  of  the  volume  that  it  occupied  at  the  freezing  point;  or, 
V  =  V  (1  +  a  f°),  in  which  a  equals  i^s  for  centigrade  degrees,  or  ^ix  for 
Fahrenheit  deCTees. 

Theoretically,  air  may  be  compressed  in  two  ways,  as  follows: 

1.  iBothermauy,  when  the  temperature  is  kept  constant  during  compres- 
sion, and  in  this  case,  the  formula  P  F  =-=  P'  F'  is  true. 

2.  AdiabaticdUy,  when  the  temi)erature  is  allowed  to  rise  without  check 
during  the  comprei^on. 

Since  the  pressure  rises  fJEister  than  the  volume  diminishes,  the  equation 

P'        /  F\*» 
P  V  =  P'  V  no  longer  holds,  and  we  have  -p-  =  I  y, )  i  in  which  n  equals 

1.406.    The  specific  heat  ot  ait  at  constant  pressure  is  .2875,  and  at  constant 
volume  .1689,  and  n  =  '-r^r^  =  1.406. 

.lOoVI 

In  practice,  compression  is  neither  isothermal  nor  adiabatic,  but  inter- 
mediate between  the  two.  The  values  of  n  for  different  conditions  in 
practice  are  as  follows,  843  determined  from  a  2,000-horsepower  stage  com- 
pressor at  Qua!  de  la  Gare,  Paris. 

For  purely  adiabatic  compression,  with  no  cooling  arrangements, 
n  =  1.406;  in  ordinary  single-cylinder  dry  compressors,  provided  with  a 
water-jacket,  n  is  rougnly  1.3;  wnile  in  the  best  wet  compressors  (with  spray 
injection),  n  becomes  1.2  to  1.25.  In  the  poorest  forms  of  compressor,  the 
value  n  =  1.4  is  closely  approached.  For  large,  w,ell-designed  compressors 
with  compound  air  cylinders,  the  exponent  n  may  be  as  small  as  1.15. 

Rating  of  Comprtssort.— Compressors  are  rated  as  follows:  (1)  In  terms  of 
the  horsepower  developed  by  the  steam  end  of  the  compressor,  as  shown  by 
indicator  cards  taken  when  running  at  full  speed,  and  when  the  usual 
volume  of  air  is  being  consumed.  (2)  Compressors  for  mines  are  often 
rated  roughly  as  ftimismng  sufficient  air  to  operate  a  certain  number  of  rock 
drills;  a  W'  drill  requires  a  volume  of  air  at  60  lb.  pressure,  equal  to  100  or 
110  cu.  ft.  of  free  atmospheric  air  per  minute.  (3)  in  terms  or  cubic  feet  of 
,  free  air  compressed  per  minute  to  a  given  pressure. 

As  the  actual  capacity  of  a  compressor  depends  on  the  density  of  the 
intake  air,  it  will  obviously  be  reduced  in  worldng  at  an  altitude  above  sea 
level,  because  of  the  diminished  density  of  the  atmosphere.  The  following 
table  gives  the  percentages  of  output  at  different  elevations: 

Example.— Calculate  the  volume  of  air 
furnished  by  an  18"  X  24"  compressor  work- 
ing at  an  elevation  of  5,000  ft.  above  sea 
level,  revolving  95  times  per  minute,  and 
having  a  piston  speed  of  380  ft.  per  minute. 
9«  X  3.14  =  254.3  sq.  in.  =  piston  area. 
254  ^ 
—TT  X  380  =  668.8  cu.  ft.  =  volume  dis- 
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placed  per  minute  by  the  piston;  deducting 
10^  for  loss  gives  602  cu.  ft.    At  sea  level  at 

80  lb.  gauge  pressure,  this  equals  -  X 

602  =  96  cu.  ft.  At  an  elevation  of  5,000 
ft.,  the  output  of  a  compressor  would  be 
95  X  85^  =  80.7  cu.  ft.  per  minute. 

Cooling. — Compressor  cylinders  may  be 
cooled  by  either  of  the  following  methods: 


Altitude. 

Atmospheric 
Presanre. 

Percentages 
of  Oatpat 

Feet. 

Ponndg. 

at  Sea  Level. 

0 

14.7 

100.0 

1,000 

14,2 

97.2 

2,000 

13.6 

93.5 

3,000 

13.1 

90.8 

4,000 

12.7 

88.4 

5,000 

12.2 

85.0 

6,000 

11.7 

82.0 

7,000 

11.3 

79.3 

8,000 

10.9 

77.0 

9,000 

10.5 

76.0 

10,000 

10.1 

72.0 

r 
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1)  by  Injecting  water  into  the  cylinder,  known  as  iMf  compreasors;  or  (2)  by 
cketing  the  cylinder  in  water,  known  as  dry  compressors. 
Dry  Vtrsus  Wit  Compressors.— Up  to  about  the  year  1885  there  seemed  to 
be  little  doubt  among  mechanical  engineers  that  wet  compressors  were,  on 
the  whole,  superior  to  dry,  because,  by  bringing  the  air  into  direct  contact 
with  water,  the  heat  is  most  effectually  absorbed.  This  view  is  correct,  so 
fkr  as  heat  loss  alone  is  concerned,  provided  the  water  in  the  cylindCTis 
properly  applied.  But  the  question  oiheat  loss  is  not  the  only  consideration. 
ix>w  first  cost  and  simplicity  of  construction  are  often  more  advantageous 
than  a  close  approximation  to  isothermal  comprcMsion.  Latterly,  the  wet 
system  has  lost  ground,  owing  tothe  fSASt  that  moisture  is  objectionable  in 
the  air,  as  it  forms  frost  in  the  exhaust  pOTts  of  the  drills,  and  stops  them  up, 
and  probably  no  wet  compressors  are  now  being  built  in  the  United  States. 
In  Euroi>e,  also,  dry  compressors  have  grown  m  fiivor,  at  least  for  mining 
plants  and  others  of  moderate  size. 


TRANSMISSION  OF  AIR  IN  PIPES. 

The  actual  discharge  capacity  of  piping  is  not  proportional  to  the  cross- 
sectional  area  alone,  that  is,  to  the  square  of  the  diaineter.  Although  the 
periphery  is  directly  proportional  to  the  diameter,  the  interior  sur&ce 
rei^Btance  is  much  greater  in  a  small  pipe  than  in  a  large  one,  because,  as 
thepipe  becomes  sinaller,  the  ratio  of  perimeter  to  area  increases. 

To  pass  a  given  volume  of  compressed  air,  a  1"  pipe  of  given  length  re- 
quires over  three  times  as  much  nead  as  a  2"  pipe  of  the  same  length. 
The  character  of  the  pipe,  also,  and  the  condition  of  its  inner  surface,  have 
much  to  do  with  the  mction  developed  by  the  flow  of  air.  Besides  imper- 
fections in  the  surface  of  the  metal,  the  irregularities  incident  on  coupung 
together  the  lengths  of  pipe  must  increase  mction.  There  are  so  few  relia- 
ble data  that  the  influences  by  which  the  values  of  some  of  the  factors  may 
be  modified  are  not  ftilly  understood;  and,  owing  to  these  uncertain  condi- 
tions, the  results  obtained  from  formulas  are  only  approximately  correct. 

Among  the  formulas  In  common  use,  perhaps  the  most  satisfactory  is  that 
of  D' Arcy.    As  adopted  for  compressed-air  transmission,  it  takes  the  form: 


in  which  D  =  volume  of  compressed  air  in  cubic  feet  per  minute  discharged 
at  final  pressure; 
e  =3  coefficient  varying  with  diameter  of  pipe,  as  determined  by 

experiment; 
d  a  diameter  of  pipe  in  inches  (the  actual  diameters  of  li" 
and  IjK'  pipe  are  1.38"  and  1.61",  respectively;  the  nomi- 
nal diameters  of  all  other  sizes  may  be  taken  for  cilIcu- 
lations); 
I  =»  length  of  pipe  in  feet;  , 

Pi  —  initial  gauge  pressure  in  pounds  per  square  inch; 
Ps  =  final  gauge  pressure  in  pounds  per  square  inch; 
v>\  >=  density  of  air,  or  its  weight  in  ix>unds  per  cubic  foot,  at 
initial  pressure  pi. 
The  values  of  the  coefficients  c  for  sizes  of  piping  up  to  12"  are: 

1" 45.3  5" 69.0  9" 61.0 

2" 62.6  6". 59.8  10". 61.2 

3" 66.6  7". 60.3  11". 61.8 

4" 68.0  8" 60.7  1*2". 62.0 

Some  apparent  discrepancies  exist  for  sizes  larger  than  9",  but  they  cause 
no  very  material  differences  in  the  results. 

Another  formula,  published  by  Mr.  Frank  Richards,  is  as  follows: 

^  ^  ^i^_ 

10,000  L^a 
in  which  H  =»  head  or  difference  of  pressure  required  to  overcome  friction 
and  maintain  the  flow  of  air; 
V »  volume  of  compressed  air  delivered  in  cubic  feet   per 

minute; 
L  =  length  of  pipe  in  feet; 
D  =  diameter  of  pipe  in  inches; 
a  »  coefficient,  depending  on  the  size  of  pipe. 
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Values  of  a  for  nominal  diameters  of  wronght-iron  pipe: 


1" 

li" 

2i" 

The  values  of  a 


.850 
.500 
.662 
.565 
.650 

for  li" 


8"  . 

5". 
6"  . 


8"  . 

10" 

12". 


1.125 
1.200 
1.260 


730 

787 

.840 

934 

1.000 

and  ly^  pipe  are  not  consistent  with  those  for 
other  sizes,  for  the  reason  stated  above.  In  using  tliis  formula  with  its 
constants,  the  calculated  losses  of  pressure  are  found  to  be  smaller,  and, 
conversely,  the  volumes  of  air  discharged  are  larger,  under  the  same  condi- 
tions, than  those  obtained  from  D'Arcy's  formula. 

It  must  be  remembered  that,  within  certain  limits,  the  loss  of  head  or 
pressure  increases  with  the  square  of  the  velocity.  To  obtain  the  best  results. 
it  is  found  in  practice  that  the  velocity  of  flow  in  the  main  air  pipes  ^ould 
not  exceed  20  or  25  ft.  per  second.  When  the  initial  velocity  much  exceeds 
50  ft.  per  second,  the  percentage  loss  becomes  very  Iturge;  and,  conversely, 
by  using  piping  large  enou^  to  keep  down  the  velocity,  the  friction  loss 
may  be  almost  eliminated.  For  example,  at  the  Hoosac  tunnel,  in  transmit- 
ting 875  cu.  ft.  of  fr^e  air  per  minute,  at  an  initial  pressure  of  60  lb.,  through 
an  8''  pipe,  7,150  ft.  long,  the  average  loss  including  leakage  weus  only  2  lb. 
A  volume  of  500  cu.  ft.  of  free  air  per  minute,  at  75  lb.,  can  be  transmitted 
through  1,000  ft.  of  3''  pipe  with  a  loss  of  4.1  lb.,  while  if  a  5"  pipe  were  used 
the  loss  would  be  reduced  to  .24  lb.  The  velocity  of  flow  in  the  latter  case 
is  only  10  ft.  per  second. 

In  driving  the  Jeddo  mining  tunnel,  at  Ebervale,  Pa.,  two  8i"  drills  were 
used  in  each  heading,  with  a  6"  main,  the  maximum  transmission  distance 
beine  10,800  ft.  This  pipe  was  so  large  in  proportion  to  the  volume  of  air 
required  fur  the  drills  (280  cu.  ft.  free  air  per  minute)  that  the  loss  was 
reduced  to  an  extremely  small  quantity.  A  calculation  shows  a  loss  of 
.002  lb.,  and  the  gauges  at  each  end  of  the  main  were  found  to  record 
practically  the  same  pressure. 

A  due  regard  for  economy  in  installation,  however,  must  limit  the  use  of 
very  large  pping,  the  cost  of  which  should  be  considered  in  relation  to  the 
cost  of  fur  compression  in  any  given  case.  Diameters  of  from  4  to  6  in.  for 
the  midns  are  large  enough  for  any  ordinary  mining  practice.  Up  to  a 
length  of  8,000  ft.,  a  4"  pipe  will  carrv,  per  minute,  ^  cu.  ft.  of  free  air 
compressed  to  82  lb.,  with  a  loss  of  2  lb.  pressure.  This  volume  of  air  will 
run  four  8"  drills.  Under  the  same  conditions,  a  6"  pipe,  5,000  ft.  long,  will 
carry  1,100  cu.  ft.  of  free  air  per  minute,  or  enough  for  10  drills. 

A  mistake  is  often  made  in  putting  in  branch  pipes  of  too  small  a  diam- 
eter. For  a  distance  of,  say,  100  ft.,  a  li"  pipe  is  small  enough  for  a  single 
drill,  though  a  1"  pipe  is  frequently  used.  While  it  is,  of  course,  admissible 
to  increase  the  velocity  of  flow  in  snort  branches  considerably  beyond  20  ft. 
per  second,  extremes  should  be  avoided.  To  run  a  3"  drill  from  a  1"  pipe 
100  ft.  long,  would  require  a  velocity  of  flow  of  about  55  ft.  i)er  second, 
causing  a  loss  of  10  lb.  pressure. 

The  piping  for  conveying  compressed  air  may  be  of  cast  or  wrought  iron. 
If  of  wrought  iron,  as  is  customary,  the  lengtns  are  connected  either  by 
sleeve  couplings  or  by  cast-iron  flanges  into  which  the  ends  of  the  pipe 
are  screwed  or  expanded.  Sleeve  couplings  are  used  for  all  except  the 
large  sizes.  The  smaller  sizes,  up  to  li  m.,  are  butt-welded,  while  all  from 
U  in.  up  are  lap-welded,  to  insure  the  necessary  strength.  Wrought-iron 
spiral-seam  riveted  or  spiral-weld  steel  tubing  is  sometimes  used.  It  is 
xnade  in  lengths  of  20  ft.,  or  less.  For  convenience  of  transport  in  remote 
regions,  rolled  sheets  in  short  lengths  may  be  had.  They  are  punched 
around  the  edges,  ready  for  riveting,  and  are  packed  closely — 4,  6,  or  more 
sheets  in  a  bundle. 

All  joints  in  air  mains  and  branches  should  be  carefully  made.  Air  leaks 
are  more  expensive  than  steam  leaks  because  of  the  losses  already  suffered 
in  compressing  the  air.  The  pipe  may  be  tested  from  time  to  time  by  allow- 
ing the  air  at  rail  pressure  to  remain  in  the  pipe  long  enough  to  observe  the 
ffauge.  In  case  a  leak  is  indicated,  it  should  be  traced  and  stopped  imme- 
oiately.  In  putting  together  screw  joints,  care  should  be  taken  that  none  of 
the  white  lead  or  other  cementing  material  is  forced  into  the  pipe.  This 
would  cause  obstruction  and  increase  the  friction  loss.  Also,  each  length  as 
put  in  place  should  be  cleaned  thoroughly  of  all  foreign  substances  that  may 
nave  lodged  inside.    To  render  the  piping  readily  accessible  for  inspection 
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upon  brackeU  along  Uie  sides  of  the  mine  worlilnga.  Low  polnW  In  pipe 
lines,  vhlch  would  Ibnu  "pockets"  for  the  nciiuniijlatian  of  entnuned 
we(«r,  ahould  be  avoided,  as  tney  obstruct  the  paisage  of  the  air.  In  long 
pipe  llne^  where  >  uniform  erade  Is  Impracticable  pravlslon  may  be  made 
near  the  end  fin  blowing  out  the  water  at  Intervals,  wben  tbe  air  Is  to  be 


blowing  01 

required,  partlcularl)' 


used  fi>r  pnmpa.  htFLst^  or  otber  statlonar]'  englni 
"^^  ' — S.  ^V^"  "f  ^P^'  eipandon  Jcdnti 


For  Ions  lengths  of  idpjng.  eipandon  jcdnts  are  required,  particular] 
when  on  tlie  nu'&ce.  The7  are  not  often  necessair  Dndercraund,  as  tt 
temperatDie  Is  nsuall;  nearly  constant,  except  In  shans.  or  where  there  mi 
b«  coiulderable  variaOoDS  of  temperature  between  eununer  and  wlnt«r. 

LOSSES  IN  THE  TRANSMISSION  OC  OOMPRESSED  Atll. 

By  E.  BiIL,  NoHWiLK  Iron  Wobkb  Co. 
The  IncreasiiiK  use  that  Is  being  made  of  compressed-air  engines  for  mine 
and  UQdeigTound  work  sUmulat«8  the  Inquiry  regarding  their  elDclenCT. 
The  situation  Ii  apparently  very  simple.    An  engine  drives  an  air  com- 


amount  onllnarlly  to  i^  ( 
but  canikOt  probably  *" 
occasioned  by  pumpl 


probably  be  r 

)y  pumplDg  tht 

from  a  cooler  place.    Thli 


ffie  comprising  cylinder, 
cooling  arrangements,  poor 


le  cyunder 

leak  can  be  loo  small  to  n 
is  careless  about  packings  i 
.  ..  en^neerf -' 


e  can  only  realize  llOi  efficiency  In  the  air  engine,  leaving  Mctlon  o 
a  consideration,  when  the  expansion  of  the  ur  and  the  chaneea  of  : 
•erature  In  the  expanding  or  alr-englne    cylinder   are  preo&ely  tl 


temperature  In  the  expanding  or  alr-englne    cylli 

revpTnn  of  the  cbariged  that  have  laken  place  durii^  ki±v  i^uMtuvnaivu  m  uie 
impressing  cylinder.    But  these  conditions  can  never  be  realized. 


The  air  during  compression   becomes    healed,  and  during  expai 

becomes  cold.     If  tbe  air  immediately  after  compression,  bdbre  the 

any  heat,  was  used  in  an  air  engine  and  there  perfoctly  expanded  back  to 
atmospheric  prcBsore,  It  would,  on  being  exhauBled,  have  the  same  tem- 
peiature  it  had  beibre  oompresMon,  and  Its  etBciencT  would  be  100)1. 
But  tbe  loss  ot  heat  an«r  compretalon  and  before  nse  oannot 


compretBlon  and  before  nse  oannot  be  pro- 

to  such  very  large  radiating  surfaces  in  the 

Its  psnage  to  the  air  engine.     The  heat,  which 


vented,  as  the  air  is  exposed  to  such  very  large  radiating  surfaces 
reservoir  and  pipes,  on  Its  panage  to  the  air  engine.     The  heat, 

escapes  in  this  way.  did.  while  In  tbe  compressing  cylinder,  add  much 
tbe  reslBtance  of  the  air  to  compre»ion,  and  shice  it  Is ' 


e  time,  either  in  reservoir  or  pipes,  it  la  evidently  the  beat  plan  to 
remove  it  as  faat  as  ponlble  from  the  cylinder,  and  thus  remove  one  element 
of  resistance.  Hence,  we  find  compressors  are  almost  anlvarsally  provided 
with  cooling  attachments  more  or  less  perfect  in  their  action,  tiie  aim  being 
to  lecure  Iwtbermal  compieadon.  or  compr^on  having  equal  temperature 
throughout.  Where  the  temperature  ilses,  without  check,  during  com- 
pression, the  term  odbAaHc  compratiim  Is  employed. 

If  air  compressed  Isolbermally  Is  used  with  perfect  expandon  and  tbe 
fall  of  temperature  during  expansion  be  prevented,  then  we  will  have  lOM 
efflclency.  But  air  will  grow  cold  on  being  expanded  In  an  engine,  and 
hence  we  conclude  that  warming  attacbments  nave  the  same  economic 
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peniutnently  located  engines,  but,  for  praotloal  reasons,  their  use  on  most  of 
the  engines  for  mine  work  is  dispensed  with,  and  the  engines  expand  the 
air  adiabatically,  or  without  recei'^lng  heat. 

The  practical  engineer,  therefore,  has  to  deal  with  nearly  isothermal 
compression,  and  nearly  adiabatic  expansion,  and  must  also  consider  that 
the  air  in  reservoirs  and  pipes  becomes  of  the  same  temperature  as  surround- 
ing objects.  Ck>n8ideration  must  also  be  had  for  the  friction  of  the  com- 
pressor and  the  air  engine.  For  the  pressure  of  60  lb.,  which  is  that  most 
commonly  used,  the  decrease  in  resistance  to  compression  secured  by  the 
cooling  attachments,  is  almost  exactly  equaled  by  the  friction  of  the  com- 
pressor. Hence  it  is  safe,  in  calculating  the  efficiency  of  the  air  engine,  to 
consider  the  compressor  as  being  without  cooling  attachments,  and  also  as 
working  without  friction.  The  results  of  such  calculations  will  be  too  high 
efficiencies  for  light  pressures,  which  are  little  used;  about  correct  for  medium 
pressures,  which  are  commonly  employed;  and  too  low  for  higher  pressures, 
and  will  thus  have  the  advantage  of  not  being  overestimated.  Tnis  result 
is  occasioned  by  the  tBJCt  that,  owing  to  the  slight  heat  in  compressing  low 
pressures  of  air,  the  saving  of  power  by  the  cooling  attachments  is  not 
equal  to  the  friction  of  the  machine,  but  at  high  pressures,  on  account  of  the 
great  heat,  the  cooling  attachments  are  of  great  value  and  save  very  much 
more  power  than  friction  consumes. 

In  the  expanding  engines,  the  expansion  never  falls  as  low  as  the 
adiabatic  law  would  indicate,  owing  to  a  number  of  reasons,  but  we  will 
consider  the  expansion  as  being  adiabatic,  as  an  error  in  calculations 
caused  therebv  will  be  on  the  "  safe  side  "  and  the  actual  power  will  exceed 
the  calculated  power.  We  therefore  consider  the  compressor  and  engine  as 
following  the  adiabatic  law  of  compression  and  expansion,  and  as  working 
without  friction. 

With  this  view  of  the  case,  the  efficiency  of  an  air  engine,  working  with 
perfect  expansion,  stated  in  percentages  of  the  power  required  to  Operate 
the  compressor,  can  be  placed  as  below  for  the  various  pressures  above  the 
atmosphere. 

Pressure  above  the  atmosphere,   2.91b. 

Pressure  above  the  atmosphere,  14.7  lb. 

Pressure  above  the  atmosphere,  29.4  lb. 

Pressure  above  the  atmosphere,  44.1  lb. 

Pressure  above  the  atmosphere,  58.8  lb. 

Pressure  above  the  atmosphere,  73.5  lb. 

Pressure  above  the  atmosphere,  88.2  lb. 
We  observe  that  the  efficiencies  for  the  lower  pressures  are  very  much 

S eater  than  for  the  high  pressures,  and  the  conclusion  is  almost  irresistible 
at  to  secure  econonucal  results  we  must  design  our  air  engines  to  run 
with  light  pressures.  And,  in  fact,  the  consideration  of  tables  dmllar  to  the 
above,  heretofore  published  by  writers  on  this  subject,  has  led  many 
engineers  Into  grave  errors. 

The  pipe  has  oeen  entirely  neglected.  We  notice  that  a  pressure  of  2.9  lb. 
is  credited  with  an  efficiency  of  94.855^.  It  is  clear  that  if  the  air  were 
conveyed  through  a  pipe,  and  the  length  of  the  pipe  and  the  velocity  of  flow 
were  such  that  2.9  lb.  pressure  was  lost  in  friction,  then  its  efficiency,  instead 
of  being  94.85j(,  would  be  absolutely  zero.  It  is,  therefore,  the  power  that 
we  can  get  from  the  air,  after  it  hcus  passed  the  pipe  and  lost  a  part  of  its 
pressure  by  friction,  which  we  must  consider  when  we  state  the  efficiency 
of  our  entire  apparatus. 

Our  table  of  efficiencies  with  a  loss  of  2.9  lb.  in  the  pipe,  now  gives  us  dif- 
ferent values  for  the  efficiencies  at  the  various  pressures. 

Pressure  above  the  atmosphere,    2.9  lb.       OO.OOji  efficiency. 

Pressure  above  the  atmosphere,  14.7  lb. 

Pressure  above  the  atmosphere,  29.4  lb. 

Pressure  above. the  atmosphere,  44.1  lb. 

Pressure  above  the  atmosphere,  58.8  lb. 

Pressure  above  the  atmosphere,  73.5  lb. 

Pressure  above  the  atmosphere,  88.2  lb. 
It  will  be  noticed  that  the  light  pressures  have  lost  most  by  the  pipe 
friction,  2.9  lb.  having  lost  lOOjt;  14.7  lb.  IW,  and  88.2  lb.  only  a  trifle  over  k  of 
m  We  see  that  now  14.7  lb.  is  apparently  the  economical  pressure  to  use. 
But  a  further  carefUl  analysis  of  tne  subject  shows,  that  when  the  loss  in  the 
pipe  if  2.9  lb.,  then  20.5  lb.  is  the  moit  economical  pressure  to  use,  and  that 


94.85)(  efficiency. 
81.79jf  efficiency. 
72.72jf  efficiency. 
66.90)(  efficiency. 
G2.70)(  efficiency. 
59.48  f(  efficiency. 
56.88f(  efficiency. 


70.44^  efficiency. 
68.81j(  efficiency. 
64.87^6  efficiency. 
61.485^  efficiency. 
58.62j(  efficiency. 
56.23^  efficiency. 
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the  effidenoy  is  71)(.  But  2.9  lb.  is  a  Tery  small  Iom  between  compressor  and 
air  engine,  luid  cases  are  extremely  exceptional  where  the  friction  of  yalves, 
pipes,  elbows,  ports,  etc.  does  not  tax  exceed  this.  Yet,  with  these  con- 
diaons,  which  are  very  difficult  to  fill,  we  see  that  20.6  lb.  is  the  lightest 
pressure  that  should  probably  ever  be  used  for  conveying  power,  ana  that 
71)(  is  an  efficiency  scarcely  to  be  obtained. 

Ck>ntinuing  our  investigation  and  taking  examples  where  the  pipe  friction 
amounts  to  5.8  lb.,  we  find  the  following  efficiencies  to  correspond  to  the 
stated  pressure: 

Pressure  above  the  atmosphere,  14.71b.  57.14)(  efficiency. 

Pressure  above  the  atmosphere,  29.41b.  64.49j(  efficiency. 

Pressure  above  the  atmosphere,  44.11b.  62.71)(  efficiency. 

Pressure  above  the  atmo^ere,  58.8  lb.  60.1^  efficiency. 

Pressure  above  the  atmosphere,  73.51b.  57.73j(  efficiency. 

.Pressure  above  the  atmosphere,  88.2  lb.  55.599(  efficiency. 

We  again  notice  that  as  friction  increases,  or  in  other  words,  when  we 
bes^n  to  use  more  air  an<l  make  greater  demands  on  the  carrying  capacity 
of  the  pipe,  then  we  must  increase  pressure  very  considerably  to  attain  the 
most  economical  results.  If  the  demands  are  such  as  to  increase  the  friction 
and  loss  in  pipe  to  14.7  lb.,  the  air  of  14.7  lb.  pressure  at  the  compressor  is 
entirely  useless  at  the  air  engine. 

The  table  will  stand  thus: 

Pressure  above  the  atmosphere,  14.71b.  OO.OOjt  efficiency. 

Pressure  above  the  atmosphere,  29.41b.  48.53i(  efficiency. 

Pressure  above  the  atmosphere,  44.1  lb.  55.139^  efficiency. 

Pressure  above  the  atmosphere,  58.81b.  55.6^  efficiency. 

Pressure  above  the  atmosphere,  73.51b.  54.74j(  efficiency. 

Pressure  above  the  atmosphere,  88.21b.  63.44)(  efficiency. 

It  is  to  be  noticed  that  88.2  lb.  pressure  has  lost  only  about  3M  of  Its 
efficiency  by  reason  of  as  high  a  motion  as  14.7  lb.,  while  the  efficiency  of 
the  lower  pressures  has  been  greatly  affected. 

As  the  iriction  increases  we  see  that  the  most  efficient,  and,  consequently, 
most  economical,  pressure  increases.  In  fact,  for  any  given  friction  in  a 
pipe,  the  pressure  at  the  compressor  must  not  be  ciunied  below  a  certain 
limit.  The  following  table  gives  the  lotoest  pressures  that  should  be  used  at 
tile  compressor,  with  varying  amounts  of  friction  in  the  pipe: 

2.9  lb.  friction.  20.5  lb.  at  compressor.  70.92j(  efficiency. 

5.8  lb.  friction.  29.4  lb.  at  compressor.  64.497(  efficiency. 

8.8  lb.  friction.  38.2  lb.  at  compressor.  60.64j(  efficiency. 

11.7  lb.  friction.  47.0  lb.  at  compressor.  57.875^  efficiency. 

14.7  lb.  friction.  52.8  lb.  at  compressor.  65.73j<  efficiency. 

17.6  lb.  friction.  61.7  lb.  at  compressor.  53.983(  efficiency. 

20.5  lb.  friction.  70.5  lb.  at  compressor.  52.52JJ  efficiency. 

23.5  lb.  friction.  76.4  lb.  at  compressor.  51.26j(  efficiency. 

26.4  lb.  friction.  82.3  lb.  at  compressor.  50.17j(  efficiency. 

29.4  lb.  friction.  88.2  lb.  at  compressor.  49.19j(  efficiency. 

So  long  as  the  friction  of  the  pipe  equals  the  amounts  given  above,  an 
efficiency  greater  than  the  corresponding  sums  stated  in  the  table  cannot  be 
expected.  If  we  should  have  a  case  that  corresponded  to  any  of  these  cited 
in  the  table,  we  could  only  increase  efficiency  by  reducing  the  friction. 

An  increase  in  the  size  of  pipe  will  reduce  friction  by  reason  of  the  lower 
velocity  of  flow  required  for  tpe  same  amount  of  air.  But  many  situations 
will  not  admit  of  large  pipes  bein^  employed,  owing  to  considen^ons  of 
economy  outside  of  the  question  of  fuel  or  prime  motor  capacity. 

An  Increase  of  pressure  will  decrease  the  bulk  of  air  passing  the  pipe,  and 
in  that  proportion  will  decrease  its  velocity.  This  will  decrease  the  loss  by 
friction,  and,  as  far  as  that  goes,  we  have  a  gain.  But  we  subject  ourselves 
to  a  new  loss,  and  that  is  the  diminishing  efficiencies  of  increasfna:  pressures. 
Yet  as  each  cubic  foot  of  air  is  at  a  higher  pressure,  and,  therefore,  carries 
more  power,  we  will  not  need  as  many  cubic  feet  as  before  for  the  same 
work.  It  is  obvious  that  with  so  many  sources  of  gain  or  loss  tiie  question 
of  selecting  the  proper  pressure  is  not  to  be  decided  hastily. 

As  an  illustration  of  the  combined  effect  of  these  different  elements,  we 
will  suppose  a  very  common  case. 

Compressor  102  revolutions,  pressure  52.8  lb.,  loss  in  pipe  14.7  lb.,  machine 
^o  mine  running  at  88.2  lb.,  efficiency  56.73)(. 
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So  long  a8;tiie  friotioii  of  the  pipe  amonnts  to  14.7  lb.,  we  lutye  leen  that 

62.8  lb.  is  the  best  pressure  and  65.73^  the  greatest  efficiency.  We  will 
reduce  the  friction  by  reducing  the  bulk  of  air  passing  through  the  pipe.  We 
reduce  the  cylinder  of  the  air  engine  so  that  it  requires  47  Id.  pressure  to  do 
the  same  work  as  before.  We  find  now  that  the  friction  of  pipe  drops  to 
11.7  lb.  The  pressure  on  the  compressor  rises  to  58.8  lb.,  its  number  of  revolu- 
tions  falls  to  100,  and  the  resulting  efficiency  is  57.22^. 

Another  change  of  pressure  on  compressor  to  M.7  lb.  would  decrease  its 
revolutions  to  93,  friction  to  8.8  lb.,  and  efficiency  would  rise  to  57.94^.    Still 
again  increasing  the  pressure  to  73.5  lb.,  we  have  only  84  revolutions  of  com- 
pressor, 5.8  lb.  loss  in  pipe,  and  efficiency  of  57.73^.    In  this  last  case  the 
efficiency  begins  to  fall  off  a  little,  and  higher  pressures  would  now 
I  show  less  efficiency;  but,  in  comparison  with  the  first  example,  we  find  we 
I  are  doing  the  same  work  in  the  mine  with  a  trifle  less  power  and  with  a . 
I  decrease  of  nearly  20^  in  the  speed  of  the  compressor.  , 

I      Other  common  examples  can  be  shown  where  an  increase  of  pressure 
J  would  result  in  wonderml  increase  in  efficiency  and  economy.   There  are 
|V  many  cases  wh^re  light  pressures  and  high  velocity  in  the  pipe  will  convey 
\  ^.  a  given  power  with  greater  economy  than  higher  air  pressures  and  lower 
>^    speed  of  flow  throuin  the  pipe.    But  these  cases  arise  mostly  when  the 
higher  air  pressures  become  very  much  greater  than  are  at  present  in  com- 
mon use. 

Therefore,  in  estimating  the  efficiency  of  the  complete  outfit,  we  find  that 
the  pipe  and  the  pressure  are  very  important  elements,  and  must  be  deter- 
mined with  care  and  skill  to  secure  tne  most  satisfactory  results.  As  the 
volume  and  power  of  air  vary  with  its  pressure,  the  size  and  consequent 
cost  of  compressor  for  a  certain  work  would  also  be  affected  by  the  pressure. 
To  plan  an  outfit  for  a  mine,  due  regard  must  be  had  to  cost  of  ftiel  or  prime 
motor  power,  and  also  to  cost  of  compressor,  pipes,  and  machinery,  as  the 
saving  in  one  is  often  secured  by  a  sacrifice  in  the  other. 

Next  to  determining  the  size  of  pipe,  the  skilfhl  engineer  has  need  of 
further  care  in  the  proper  position  of  reservoirs,  branches,  drains,  and  other 
attachments,  as  only  by  the  exercise  of  good  Judgment  in  this  can  satis- 
factory working  be  secured. 

The  fifcct  thai,  on  account  of  the  diminished  density  of  the  atmosphere  at 
high  altitudes,  sir  compressors  do  not  give  the  same  results  as  at  sea  level, 
should  also  be  taken  into  consideration  when  a  compressor  is  to  be  installed 
in  a  mountainous  region. 

Friotion  of  Air  in  Pipes.— Air  in  its  passage  through  pipes  is  subject  to 
fHction  in  the  same  manner  as  water  or  any  qther  fluid.  The  pressure  at 
the  compressor  must  be  greater  than  at  the  point  of  consumption  in  order 
to  overcome  this  resistance.    The  power  that  is  needed  to  produce  the  extra 

Pressure  representing  the  fHction  of  the  pipe  is  lost,  as  there  can  be  no  use- 
il  return  for  it.  The  fHction  is  affected  by  very  many  circumstances,  Imt 
chiefly  to  be  noted  is  the  fact  that  it  increases  in  direct  proportion  to  the 
length  of  the  pipe  and  also  as  the  square  of  the  velocity  of  the  flow  of  air. 
The  pressure  of  the  air  does  not  affect  it. 

The  losses  by  fHction  may  be  quite  serious  if  the  piping  system  is  poorly 
dedgned,  and,  on  the  other  hand,  extravagant  exx)enditure  in  pipe  mav 
result  from  a  timid  overrating  of  the  evils  of  fHction.  A  thorough  knowl- 
edge of  tiie  laws  governing  the  whole  matter,  eus  well  as  a  ripe  experience,  is 
necessary  to  secure  true  economv  and  mechanical  success. 

The  loss  of  power  in  pipe  fnction  is  not  always  the  most  serious  result. 
When  a  number  of  machines  are  in  use  in  a  mine,  and  the  pipes  are  so  small 
as  to  cause  a  considerable  loss  of  pressure  by  mction,  then  there  will  be 
sudden  and  violent  fluctuations  in  pressure  whenever  a  machine  is  started 
or  stopped.  Breakages  will  be  of  common  occurrence,  as  the  changes  are  too 
quick  to  be  entirely  guarded  against  by  the  attendant.  Perfectly  even  pres- 
sure at  the  compressor  is  no  safeguard  against  this  class  of  accidents.  The 
trouble  arises  in  the  pipe,  and  the  remedy  must  be  applied  there.  A  system 
of  reservoirs  and  governing  valves  will  regulate  these  matters  and  allow 
succeraftil  work  to  be  done  with  pipes,  which  would  otherwise  be  entirely 
inadmissible. 

The  ordinary  formulas  for  calculating  the  volume  of  air  transmitted 
through  a  pipe  do  not  take  into  account  the  increase  of  volume  due  to 
reduction  of  pressure,  i.  e..  loss  of  head.  To  transmit  a  given  volume  of  air 
at  a  uniform  velocity  and  loss  of  pressure,  it  would  be  necessary  to  construct 
the  pipe  with  a  gradually  increaang  area.    This,  of  course,  is  impracticable. 
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and  in  pipe  of  uniform  section  both  volome  and  Telocity  must  increase  as 
the  ivessure  is  reduced  by  firiction.  The  loss  of  head  in  properly  propor- 
tioned pipes  is  so  small,  however,  that  in  practice  the  increase  in  volume  is 
usually  neglected. 

Loss  OF  Pbessube  in  Pounds  peb  Squabs  Inch,  by  Flow  of  Ant  in  Pipes. 

Calculated  for  pipes  1,000  ft.  long;  for  other  lengths,  the  loss  varies  directly 
as  the  length. 


Velocity  of  Air 
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to 
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5 
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6 
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8 
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10 

32.80 

1 

3.28 

2 

6.56 
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9.84 
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13.12 
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32.80 

1 

8.28 

2 

6.56 
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9.84 

4 
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5 
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6 
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8 
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10 
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1"  Pipe. 
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.1435 
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1.4545 

2.5620 

3.9345 

5.4225 

10.2480 

15.7380 


6 
12 

18 
24 
29 
35 
47 
59 


Sail 

nil 


7 
15 
22 
29 
87 
44 
59 
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8"  Pipe. 
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48 

.2092 

96 

.4880 
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.8881 

193 

1.3176 

241 

1.8080 

289 

3.3525 

886 

5.2704 
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60 
121 
182 
243 
804 
864 
486 
607 


&'  Pipe. 


.0232 

198 

.1046 

886 

.2440 

579 

.4190 

772 

.6588 

965 

.9040 

1,158 

1.6762 

1,544 

2.6352 

1,931 

244 
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1,221 

1,466 

1,954 

2,443 


2"Hpe. 


is   . 
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i. 
1% 

abio  Feet  of  Free 
Compreued  to  60  L 
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.0794 

23 

.3050 

46 

.7216 

69 

1.2566 

93 
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2.7120 
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29 
69 
88 
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234 
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4"  Pipe. 


.0347 

86 

.1525 
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.3608 

258 

.6283 

843 

.9821 

429 

1.3560 

515 

2.5132 

687 

8.9284 

859 

109 
217 
826 
486 
544 
658 
871 
1,088 


8"  Pipe. 


.0178 

843 

.0762 

687 

.1805 

1,030 

.8141 

1,873 

.4910 

1,717 

.6780 

2,060 

1.2556 

2,747 

1.9642 

8,434 
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1,303 
1,736 
2,171 
2,605 
3,473 
4,342 


2i"Pipe. 
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82 
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65 
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6.2962 

826 
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165 
207 
247 
880 
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5"  Pipe. 


.0287 

184 

.1281 

268 

.2909 

402 

.5124 

687 

.7869 

671 

1.0845 

805 

2.0496 

1,078 

8.1476 

1,842 
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239 

609 
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844 

1,017 

1,857 

1,696 


10"  Pipe. 


.0143 

587 

.0640 

1,078 

.1455 

1,610 

.2662 

2,146 

.8984 

2,683 

.5423 

8,220 

1.0248 

4.298 

1.6738 

5,867 

680 
1,860 
2,039 
2,719 
8,399 
4,079 
5.438 
6,796 
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The  resistance  is  not  varied  by  the  pressure,  only  so  far  as  changes  in 
pressure  vary  the  velocity.  It  increases  about  as  the  square  of  the  velocity, 
and  directly  as  the  length. 

Elbows,  short  turns,  and  leaks  in  pipes  all  tend  to  reduce  the  pressure  in 
addition  to  the  losses  given  in  the  table. 


XLECTBICITY.  90S 

TlBLE  OF  LOSB  BY  FktCTIOH  IN    ELBOm. 

All  «lbQW  witb  a  ndl<u  of  OD^-haU  the  diameter  of  the  {dpe  Ii  u  iboil 
aion  benuHle. 

BadiUB  of  elbow.  5  dlasu.  EqnlTkleot  lengtb  btplpe,     T.fUidiaiiu. 

lUdlusofelbow.S   dianu.  Equivalent  length  htplpe,     8.24dlains. 

Radliu  of  elbow.  !i   diaini.  Equivalent  length  htplpe.     9.08  dlama. 

Radlua  of  elbow,  1|  dlami.  EquiTolcnt  len^  htplpe,   10.36dlanu. 

RadluBof  elbow,  11  dlimu.  Equivalent  length  htplpe.   12.T2dianu; 

RadluBof  elbow,  1  dlsm.  Equivalent  length  htplpe,  I7,G1  dianu. 

RadtUBof  elbow.    1  dlam.  Equivalent  length  htplpe,   Sft.OBdUnu. 

Badiui  of  elbow,   i  dlam.  Equivalent  length  <  ht  pipe,  La.ao  dlami. 
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The  itrtnith  o(  gurrttit  flowing  In  a  wire  may  be  meamred  in  several 


ways,    ir  H  compan  needle  be  held  under  or 
and  will  lend  to  r—'  -  -'-'-  — ~'~-  —  ■'■- 

Wt*.I-fhi»l1bm^„„u.j4   ^„c  iicuA.v-       ^1   n.c    "... 

19  dipped  Into  a  solution  of  sllve 


id  will  lend  to  gland  at  rlKht  angles  lo 


the  gTeatertbedeflecllan  of  the  needle.  If  the  wl  re  carrying  the  current  b«  - 
cut  and  the  ends  dipped  Into  a  solution  of  sliver  nilrale,  Bliver  will  be 
deposited  on  the  end  of  the  wire  toward  which  the  current  la  Sowing,  and 


ttaeai , „ 

to  the  average  atiength  of  current  Sowing  during  U 

current  flowing  in  a  wire  is  spoken  of,  the  strength  of  tuc  vuncm  mumuL. 

Unit  Strieftli  ol  Currtnt.—The  unit  used  lo  eipceis  the  strength  of  a  cur- 
rent is  called  the  impsrs.  If  a  current  of  1  ampere  be  sent  through  a  bath 
of  silver  nitrate,  .001118  gram  of  silver  will  be  depoilled  per  second.  The 
eipiesslon  ot  the  flow  of  current  through  a  wire  as  so  many  amperes  is 
anali^ous  U>  the  expreidon  of  the  flow  of  water  through  a  pipe  as  so  many 
gallons  per  second. 

(Is«t>«iistl«*  Fsios.— In  order  that  a  current  may  flow  through  a  wire, 
there  must  be  an  electrifral  pressure  of  some  kind  to  cause  the  flow.  In 
faydraullcB,  there  must  always  be  a  bead  or  pressure  before  water  can  be 
made  lo  How  through  a  pipe.  It  is  also  evident  that  there  may  be  a  preraure 
or  head  without  there  being  any  flow  of  water,  because  the  opening  in  the 

6lpe  might  be  closed;  the  pressure  would,  however,  exist,  and,  as  soon  as 
le  valve  closing  the  pipe  was  opened.  Ihe  current  would  flow.  In  the 
same  way,  an  electrical  pressure  or  electromotive  fOrce  (usually  written 
B.  U.  F.)  may  exist  in  a  circuit,  hut  no  current  can  flow  until  the  circuit  is 
closed  or  until  the  wire  Is  connected  eo  chat  there  will  be  a  path  tbrthe 


ie  purpoee  as  "pounds  per  square  inch"  in  hydnuUc  and  steam 
irlng.  The  E.m:f.  furnished  by  an  ordinary  cell  of  a  balletr  usually 
rrom  .7  to  2  volts,  A  Daalcll  cell  gives  an  E,  M.  F.  of  1.072  volts.  A 
BofJiOOvolta  is  generally  used  for  street-railway  work,  and,  (brincan- 
lightlng,  110  volts  is  common. 

jtano*,— All  conductors  ofl^r  more  or  less  resistance  lo  the  flow  of  a 

current  of  electricity,  JusC  as  water  encounters  friction  in  passlne  through  a 
pipe.  The  amount  of  this  resislance  depends  on  the  lengfti  of  the  wire,  the 
diameter  of  the  wire,  and  the  materUl  of  which  the  wire  is  compoeed.  The 
resistance  of  all  metals  also  increases  with  the  temperature. 

Unit  d  Resists  not.— The  practical  unit  of  resistance  Is  the  ohm.  A  con- 
ductor has.a  resistance  of  1  ohm  when  the  pressure  required  to  set  up 
1  ampeie  thtough  it  is  1  volt.  In  other  words,  the  drop,  or  &II,  In  presnUTc 
through  a  restslance  of  I  ohm,  when  a  current  of  1  ampere  is  flnwinir. 
Is  1  vole  1,000  n.  of  copper  wire  .1  Iti,  in  diameter  has  s 
nearly  1  ohm  at  aidJnary  temperatures. 
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Ohm't  Uw.—The  law  goyemioff  the  flow  of  current  In  an  electric  circuit 
was  first  stated  by  Dr.  G.  S.  Ohm,  and  is  known  as  Ohm* 8  law.  This  law  has 
since  stood  the  test  of  exhaustive  experiment,  and  has  been  found  correct. 
Ohm's  law  may  be  briefly  stated  as  follows :  The  strength  <tf  the  current  in 
any  circuit  is  directly  proportional  to  the  dectromoHve  force  in  the  ciretdt,  and 
inversely  proportions  to  the  resittance  qf  the  circuit. 

This  means  that  if  the  resistance  of  a  circuit  were  fixed,  and  the  E.  M.  F. 
varied,  the  current  would  be  doubled  if  the  E.  M.F.  were  doubled.  Also,  if 
the  K  M.  F.  were  fixed,  and  the  resistance  doubled,  the  current  would  be 
halved. 

Let  E  =  electromotive  force  in  volts; 

B  »  resistance  in  ohms; 
C  =  current  in  amperes. 

Then,  C  =-  p,  or  JJ  =  7;,  or  ^  =  CB, 

The  last  two  forms  are  useful  in  many  cases  where  the  usual  form 

C  =   p  is  not  directly  applicable. 

Example.— A  dynamo  D  which  generates  110  volts,  is  connected  to  a  coil 
of  wire  C,  Fig.  1,  which  has  a  resistance  of  20  ohms;  what  current  will 
flow,  supposing  the  resistance  of  the  rest  of  the  circuit  to  be  negligible? 

We  have  E  =  110  volts;  B  =  20  ohms;  hence,  C  =  -^  =«  6.6  amperes. 

A  problem  might  also  be  given  as  follows:  The  resistance  of  the  coil  C  is 

w     6  ohms;  what  E.  M.  F.  must  the  dvnamo  gen- 

3^  3    erate  in  order  to  set  up  a  current  of  15  amperes 
o£    through  it?    The  third  form  of  the  law  given 
i  ft.  4  «A  vr^f  A.    00    above  is  more  convenient  in  this  case. 
iJfiJd  rolU^ol  £  =  C£,-  £  =.  15X «  -  90  volts. 

^K  Y        In  case  the  current  and  E.  M.  F.  are  known, 

J  ^    the  resistance  of  the  circuit  may  be  calculated 

Fig.  1.  by  using  the  second  form  of  the  law  given  above. 

For  example,  if  the  current  in  the  above  case 
were  8  amperes  and  the  E.  M.  F.  of  the  dynamo  110  volts,  the  resistance  of 
the  circuit  must  be 

E  110 

J2  =  ^  ^  =-  -g-  =  13.75  ohms. 

Eieotrical  Powt r.— The  electrical  power  expended  in  any  circuit  is  found 
by  multiplying  the  current  flowing  in  the  circuit  by  the  pressure  required 
to  force  the  current  through  the  cfrcuit.  In  other  words,  W  =  E  C;  where 
W  is  the  power  expended,  E  is  the  E.  M.  F.,  and  C  is  the  current.  When  E 
is  expressed  in  volts  and  Cin  amperes,  then  W  is  expressed  in  watts.  The 
watt  18  the  unit  of  electrical  power,  and  is  equal  to  the  power  developed 
when  1  ampere  flows  under  a  pressure  of  1  volt.  The  watt  is  equal  to  v|« 
horsepower.    We  have,  then,  the  following  general  relations: 

Let  E  =  electromotive  force  in  volts; 

C  =  current  in  amperes; 
R  =  resistance  in  ohms; 
W  =  power  in  watts; 
H.  P.  =  horsepower. 

Then,  W  =>  E  C,  but  E  =»  CR;  hence,  W  =  C*  R.  That  Is,  the  power  in 
watts  expended  in  any  conductor  of  which  the  resistance  is  R,  and  through 
which  a  current  C  is  flowing,  is  equal  to  the  product  of  the  squares  of  the 
current  and  the  resistance.  The  energy  used  in  forcing  a  current  through 
the  wire  reappears  in  the  form  of  heat;  hence,  we  may  say  that  the  heating 
eff'ect  of  a  current  flowing  in  a  conductor  is  proportional  to  the  square  of  the 
current.    From  the  preceding,  we  also  have 

TT  p  ^  ^_P 5^ 

**•  ^         746"  ■"  746' 

This  relation  is  very  usefUl  for  calculating  power  in  terms  of  electrical 
units.  The  watt  is  too  small  a  unit  for  convenient  use  in  many  cases,  so 
that  the  kilowatt,  or  1,000  watts,  is  firequently  used.  This  is  sometimef 
Abbreviated  to  K.W. 


CntCVIT8. 


The  Unit  of  Werk  It  the  Wttt-Hoer.— This  is  the  total  work  done  when  1  watt 
is  expended  for  1  hour.  For  example,  if  a  current  of  1  ampwe  were  made  flow 
for  1  nour  through  a  resistance  of  1  ohm,  the  total  amount  of  work  done  would 
be  1  watt-hour.  A  kilowatt-hour  is  the  total  work  done  when  1  kilowatt  is 
expended  fat  1  hour.    It  is  about  equivalent  to  1\  horsepower  for  labour. 

ELECTRICAL  KXPRKSSION8  AND  THEIR  EQUIVALENTS. 

{Arranged  for  Convenient  B^erence  by  C.  W.  Hunt.) 


^ 


Omb 
Watt 


Oira 
K11.0WATT 


Oin 

HOBSB- 

rowBR 


fk  rate  of  doing  work. 

1.  ampere  per  Mc.  at  one Toli. 

.7878  foot-pound  per  lecond. 
44.S88     foot-poands  per  minate. 
2,654.28      foot-pounds  per  hour. 
.6027  mile-ponnd  per  hour. 
.00184  honepower. 
YX9    hortepowOT. 

'A  rate  of  doing  work. 

787.8  foot-pound*  per  Moond. 
^  44,288.     foot-pounda  per  minute. 
502.7   mile-pounds  per  hour. 
1.84  horsepower. 

'  A  rate  of  doing  work. 

550.       foot-pounds  per  second. 
88,000.       foot-pounds  per  minute. 
876.       mile-pounds  per  hour. 
746.      watts. 
.746  kilowatt. 


Oin 

Watt- 

Hotm 


OlTB 
HOBSB- 
POWBB- 

Hoim 

Onb 
Ampbbb- 

HOUB 


'A  quantity  of  work. 
2,6»4.28       fooi-ponnds. 

.508     mile-pound. 
1.  ampere  hour  X  one  toIL 

.00184  horsepower-hour. 

7^     horsepower-hoar. 

A  quantity  of  work. 
1,980,000.       foot-poands. 

876.       mile-pounds. 

746.       wattHioar. 
.746  kilowatt-hoar. 

{A  quantity  ot current. 
One  ampere  flowing  for  one  hear, 
IrreapectiTe  of  the  roltage. 
Watt-hour  -i*  Tolts. 


r  Force  moring  in  a  oircle. 
ToB^uB  I  A  foroe  <tf  ore  peand  at  a  radius  ef 
I       one  fSooi. 


CIRCUITS. 

The  path  through  which  a  current  flows  is  generallj  spoken  of  as  an 
electric  circuit.  This  path  may  be  made  up  of  a  number  of  different  parts. 
For  example,  the  line  wires  may  constitute  part  of  the  circuit,  and  the 
remainder  may  be  composed  of  lamps,  motors,  resistances,  etc.    In  practice, 
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Fig.  2. 
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the  two  kinds  of  circuits  most  commonly  met  with  are  (1)  those  in  which  the 
diflferent  parts  of  the  circuit  are  connected  in  series;  (2)  those  in  which 
the  different  parts  of  the  circuit  are  connected  in  multiple  or  parallel. 

1.    Series  Circuits.*— In  this  kind  of  circuit,  all  the  component  parts  are  con- 
nected in  tandemi  so  that  the  current  flowing  through  one  part  also  flows 

8-A 
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through  the  other  parts.  Fis;.  2  (a)  represents  such  a  droult  made  up  of  a 
different  number  or  parts.  The  current  leaves  the  dynamo  D  at  the  +  side 
and  flows  through  the  arc  lamps  aaaa,  thence  through  the  incandescent 
lamps  III,  thence  through  the  motor  m  and  resistance  r,  back  to  the  dynamo, 
thus  making  a  complete  circuit.  All  these  different  parts  are  here  connected 
in  series,  so  that  the  current  flowing  through  each  of  the  parts  must  be  the 
same  unless  leakage  takes  place  across  from,  one  side  of  the  circuit  to  the 
other,  and  this  would  be  impossible  if  the  lines  were  properly  insulated. 
The  pressure  Aimished  by  the  dynamo  must  evidentlv  be  Uie  sum  of  the 
pressures  required  to  force  the  current  through  the  different  parts.  The 
most  common  use  of  this  system  is  in  connection  with  arc  lamps.  These 
lamps  are  usually  connected  in  series,  as  shown  in  Fig.  2  (6).  The  objections 
to  this  system  of  distribution  for  general  work  are  that  the  breaking  of  the 
circuit  at  any  point  cuts  off  the  current  ft-om  all  parts  of  the  circuit;  also, 
the  pressure  generated  by  the  dynamo  has  to  be  very  high  if  many  pieces  of 
apparatus  are  connected  In  series.  In  such  a  system,  the  dynamo  is  pro- 
vided with  an  automatic  regulator  that  increases  or  decreases  the  voUage  of 
the  machine,  so  that  the  current  in  the  circuit  is  kept  constant,  no  matter 
how  many  lamps  or  other  devices  are  in  operation.  For  this  reason,  such 
circuits  are  often  spoken  of  as  constant-current  circuits. 

2.  Parallel  Clronlts.— In  this  type  of  circuit,  the  different  pieces  of  appa- 
ratus are  connected  side  by  side,  or  in  parallel,  across  the  main  wires  nom 
the  dynamo,  as  shown  in  Fig.  2  (c).  In  this  case,  the  dynamo  D  supplies 
current  through  the  mains  to  the  arc  lamps  a,  incandescent  lamps  2,  and 
motor  m.  This  system  is  more  widely  used,  and  it  will  be  seen  at  once  ftom 
the  figure  that  the  breaking  of  the  circuit  through  any  one  piece  of  apparatus 
will  not  prevent  the  current  firom  flowing  through  the  other  parts.  Incan- 
descent lamps  are  connected  in  this  way  almost  exclusively.  The  lamps  are 
connected  directly  across  the  mains,  as  shown  in  Fig.  2  (d).  Street  cars  and 
mining  locomotives  are  operated  in  the  same  way,  the  trolley  wire  consti- 
tuting one  main  and  the  track  the  other,  as  shown  in  Fig.  2{e).  By  adopting 
this  system,  any  car  can  move  independently  of  the  others,  and  the  current 
may  be  turned  off  and  on  at  will.  In  all  these  systems  of  parallel  distribu- 
tion, the  pressure  generated  by  the  dynamo  is  maintained  constant,  no  matter 
what  current  the  dynamo  may  be  delivering.  For  example,  in  the  lamp 
system,  Fig.  2  (d),  the  dynamo  would  maintain  a  constant  E.  M.  F.  of  110 
volts.    Each  lamp  has  a  fixed  resistance,  and  will  take  a  certain  current 

— -  amperes  ]  when  connected  across  the  mains.    As  the  lamps  are  turned 

on,  the  current  delivered  by  the  dynamo  increases,  the  pressure  remaining 
constant.  In  street-railway  work,  the  pressure  between  trolley  and  track  is 
kept  in  the  neighborhood  of  500  volts,  the  current  varying  with  the  number 
of  cars  in  operation.  In  mine-haulage  plants,  the  pressure  is  usually  2S0  or 
500  volts,  the  former  being  generally  preferred  as  being  less  dangerous. 
IdBunps  may  also  be  connected  in  series  multiple,  as  shown  in  Fig.  2  (e). 
Here  the  two  125-volt  lamps  II  are  connected  in  series  across  the  iSO-volt 
circuit.  Such  an  arrangement  is  f^quently  used  in  mines  when  lamps  are 
operated  ftom  the  haulage  circuit. 

Such  circuits  as  those  lust  described  are  called  constant-potential  or  con- 
stant-pressure circuits,  to  oistinguish  them  from  the  constant-current  circuit 
mennone^  previously.  

RESISTANCKS   IN   SKRIKS  AND   MULTIPLK. 

Reslstanoas  In  Lines.— If  two  or  more  resistances  are  connected  in  series. 
Fig.  2  (/),  their  total  combined  resistance  is  equal  to  the  sum  of  their  sepa- 
rate renstances.  If  R  equal  total  combined  resistance,  and  RuRf^R^  are  uie 
separate  resistances  connected  in  series,  then,  R  =  Ri -{■  Rf  +  R*. 

Example.— If  the  separate  resistances  were  Ri  =  10  ohms,  Rf  =  1  ohm, 
and  Ri  =  20  ohms,  then  these  three  combined  would  be  equivalent  to  a 
single  resistance  of  10  + 1  -I-  30  =  41  ohms. 

Reslstanoes  in  Parsllel.— If  a  number  of  resistances  are  connected  in 
parallel,  the  reciprocal  of  their  total  combined  resistance  is  equal  to  the 
sum  of  the  reciprocals  of  the  separate  resistances.  In  Fig.  2  (g),  three  resist- 
ances are  shown  connected  in  parallel.  It  is  evident  that  the  total  recdstance 
of  such  a  combination  must  oe  lower  than  that  of  the  lowest  resistance 
entering  into  the  combination.    If  the  resistances  in  this  case  were  lUl  equal. 
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the  reeistazice  of  the  three  combined  would  be  one-third  the  resistance  of 
one  of  them,  because  a  current  passing  through  the  three  combined  could 
split  up  between  three  equal  paths,  instead  of  having  only  one  path  to  pass 
tniougn.  If  R  rein^sents  the  combined  resistance,  and  R\t  i^,  and  J^  the 
separate  resistances*  the  following  relation  is  true: 

R       Ri      Rf      R$ 
ftom  which  S  =  ^^^^^^_g-^. 

If  the  three  resistances  were  all  equal,  we  would  have  -=  —  -=,-,  or  J?  =-  ~. 

Example.— Three  resistances  of  8, 10,  and  5  ohms  are  connected  in  par- 
allel.    What  is  their  combined  resistance?    We  have 


1  =  1  +  1 
R       S  ^10 


+  TfOTR  = 


150 


150 
95' 


1.58  ohms. 


6*  50  +  15  +  30 

Shsnt.— When  one  circuit  B,  Fig.  2  (A),  is  connected  across  another  A,  so 
as  to  form,  as  it  were,  a  by-pass,  or  side  track,  for  the  current,  such  a  circuit 
is  called  a  shunt,  or  it  is  said  to  be  in  shunt  with  the  other  circuit. 


KLKCTRIO   WIRING  (OONOUCTOfIS). 

Mtterlals.— Practically  all  conductors  used  in  electric  lighting  or  power 
work  are  of  copper,  this  metal  being  used  on  account  of  its  low  resistance. 
Iron  wire  is  used  to  some  extent  for  conductors  in  telegraph  lines,  and  steel 
is  lately  used  as  the  return  conductor  in  elec^Hc-railway  or  haulage  plants 
where  the  current  is  led  back  to  the  power  station  through  the  rails.  The 
re«dstance  of  iron  or  steel  varies  troia  six  to  seven  times  that  of  copper, 
depending  on  the  quality  of  the  metal.  Aluminum  is  coming  into  use  as  a 
material  for  conductors,  and  in  ftiture  may  play  an  important  part  in  electric 
tranaxdssion.  It  is  so  much  lighter  than  copper  that  it  is  able  to  compete 
with  it  as  a  conductor,  even  though  its  cost  per  pound  is  higher  ana  its 
conductivity  only  about  60^  that  of  copper. 

Forms  of  Coodnotors.-— Most  of  the  conductors  used  are  in  the  form  of 
eopper  wire  of  circular  cross-section.  Conductors  of  large  cross-section  are 
maae  up  of  a  number  of  strands  of  smaller  wire  twisted  to&^ether.  For 
electrolytic  plants,  copper-refining  plants,  etc.,  copper  bars  of  rectangular 
cross-section  are  fi^equently  used. 

WIro  Gauge.— -The  gauge  most  generally  used  in  America  to  designate 
the  different  sizes  of  copper  wire  is  the  American,  or  Brown  &  Sharpe 
(B.  &  S.).  The  sizes  as  given  by  this  gauge  range  from  No.  0000,  tne 
laigest,  .460  in.  diameter,  to  No.  40,  the  finest,  .003  in.  diameter.  Wire 
drawn  to  the  sizes  given  by  this  gauge  is  always  more  readily  obtained 
than  sizes  according  to  other  gauges;  hence,  in  selecting  line  wire  for 
any  purpose  it  is  always  desirable,  if  possible,  to  give  the  nze  required  as 
a  wire  of  the  B.  &  S.  gauge.  A  wire  can  usually  be  selected  from  this  gauge, 
which  will  be  venr  nearly  that  required  for  any  specified  case. 

Estimation  of  Cross-Section  of  Wires.— The  diameter  of  round  wires  is 
usually  given  in  the  tables  in  decimals  of  an  inch,  and  the  area  of  croas- 
8ecHon  is  given  in  terms  of  a  unit  called  a  oireuiar  mil.  This  is  done  simply 
for  convenience  in  calculation,  as  it  makes  calculations  of  the  cross-section 
much  simpler  than  if  the  square  inch  were  used  as  the  unit  area.  A  mil 
is  j^  of  an  inch,  or  .001  in.  A  circtUar  mil  is  the  area  (in  decimals  of  a 
sqiuire  inch)  of  a  circle,  the  diameter  of  which  is  x^  ^i^-i  ^^  1  ii^*    The 

circular  mil  is  therefore  equal  to  j  (.001)«  =  .0000007854  sq.  in. 

If  the  diameter  of  the  conductor  were  1  in.,  its  area  would  be  .7854  sq.  in., 

7854 
and  the  number  of  circular  mils  in  its  area  would  be  T^^Cu^^noc^  =  1,000,000; 

.0000007854 

but  1  in.  =»  1,000  mils,  and  (1,000)«  =  1,000,000;  hence  the  following  is  true: 
CM  =■  cP:  or^  the  area  of  cross-section  of  a  wire  in  circular  mils  is  equal  to  the 
square  oftts  diameter  expressed  in  mils. 

Example.— A  wire  nas  a  diameter  of  .101  in.  What  is  its  area  in  circular 
mlls7 

aoiin.  -  101  mUs.   Hence,  CM  -  (101)*  <-  10,20L 
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The  following  table  gives  the  dimensions,  weight,  and  resistance  of  pure 
copper  wire.  The  weights  given  are,  of  course,  for  bare  wire.  The  first 
column  gives  the  B.  &  S.  gauge  number,  the  second  the  diameter  in  mils. 
The  diameter  in  -inches  would  be  the  number  as  given  in  this  column, 
divided  by  1,000.  The  third  column  gives  the  area  in  circular  mils,  the 
numbers  in  this  column  being  equal  to  the  squares  of  those  in  the  second 
cohinm.    The  safe  carrying  capacity  is  also  given. 

Properties  of  Copper  Wire.    American,  or  Bbown  &  Sharps,  Gauge. 


umber. 
8.  Gauge. 

• 
OQ 

1 

In  Circular 
CM.  =  d«. 

Weight. 
Pounds. 

(tanceper 

wort. 

mational 

B.    68°  F. 

Current  Capacity 

(Amperes). 
National  Board 

FireUnd 

erwriters. 

525-8 

• 

1 

Sod 

Per 

i,ooort. 

Per 
Mile. 

Weath- 
er-Proof. 

Rubber- 
Covered. 

0000 

460.0 

211,600.0 

640^50 

3,381.4 

.0489 

312 

210 

000 

409.6 

167,805.0 

608.00 

2,682.2 

.0617 

262 

177 

00 

364.8 

133,079.4 

402.80  . 

2,126.8 

.0778 

220 

160 

0 

824.9 

105,534.5 

319.50 

1,686.9 

.0981 

185 

127 

1 

289.3 

83,694.2 

253.80 

1,337.2 

.1237 

156 

107 

2 

257.6 

66,373.0 

200.90 

1,060.6 

.1560 

131 

90 

3 

229.4 

52,634.0 

159.30 

841.1 

.1967 

110 

76 

4 

204.3 

41,742.0 

126.40 

667.4 

.2480 

92 

65 

5 

181.9 

33,102.0 

100.20 

529.1 

.3128 

77 

54 

6 

162.0 

26,250.5 

79.46 

419.5 

.3944 

65 

46 

7 

144.3 

20,816.0 

63.02 

332.7 

.4973 

8 

128.5 

16,509.0 

49.98 

263.9 

.6271 

46 

33 

9 

114.4 

13,094.0 

39.63 

209.2 

.7908 

10 

101.8 

10,381.0 

31.43 

165.9 

.9972 

32 

24 

11 

90.7 

8,234.0 

24.93 

131.6 

1.257 

12 

80.8 

6,529.9 

19.77 

104.4 

1.586 

23 

17 

13 

71.9 

5,178.4 

15.68 

82.8 

1.999 

14 

64.1 

4,106.8 

12.43 

76.2 

2.521 

16 

12 

15 

57.1 

3,256.7 

9.86 

52.0 

3.179 

16 

50.8 

2,582.9 

7.82 

41.3 

4.009 

8 

6 

17 

45.2 

2,048.2 

6.20 

32.7 

5.055 

18 

40.3 

1,624.3 

4.92 

25.9 

6.374 

6 

3 

19 

35.9 

1,288.1 

3.90 

20.6 

8.038 

20 

31.9 

1,021.5 

3.09 

16.3 

10.14 

21 

28.5 

810.1 

2.45 

12.9 

'      12.78 

22 

25.3 

642.4 

1.94 

10.3 

16.12 

23 

22.6 

509.4 

1.54 

8.1 

20.32 

24 

20.1 

404.0 

1.22 

6.4 

25.63 

25 

17.9 

320.4 

.96 

5.1 

82.31 

26 

15.9 

254.1 

.76 

4.0 

40.75 

27 

14.2 

201.5 

.61 

3.2 

61.38 

28 

12.6 

159.7 

.48 

2.5 

64.79 

29 

11.2 

126.7 

.38 

2.0 

81.7 

30 

10.0 

100.5 

.30 

1.6 

103.0 

31 

8.93 

79.70 

.24 

1.27 

129.9 

32 

7.95 

63.21 

.19 

1.01 

163.8 

33 

7.08 

60.13 

.15 

.801 

206.6 

* 

34 

6.30 

89.75 

.12 

.635 

260.5 

35 

5.61 

31.52 

.095 

.504 

328.4 

36 

5.00 

25.00 

.076 

.400 

414.2 

37 

4.45 

19.83 

.060 

.317 

622.2 

38 

3.96 

15.72 

.047 

.251 

658.5 

39 

3.53 

12.47 

.038 

.199 

830.4 

> 

40 

3.14 

9.89 

.030 

.158 

1,047.0 
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CALCULATION  OP  WIRKS  FOR  KLKOTRIC  TRANSMISSION. 

Direet-Cnrrtat  CirouiU.— No  matter  how  large  a  wire  may  be,  some  energy 
must  always  be  expended  in  forcing  a  current  through  it,  because  no  con- 
ductor  can  be  entirely  devoid  of  remstance.  It  is  true  that  the  loss  may  be 
made  as  small  as  we  please  by  using  a  very  large  conductor,  but,  in  practice, 
tills  would  not  pay,  oecause  the  interest  on  the  cost  of  the  copper  would 
more  than  counterbalance  the  gain  in  the  efficiency  of  transmission.  In 
starting  out,  then,  to  estimate  the  size  of  wire  to  transmit  a  eiven  amount 
of  power  over  a  given  distance,  one  of  the  first  things  to  be  decided  is  the 
amount  of  power  that  may  be  allowed  for  loss  in  the  line,  because  it  is  evi- 
dent that  the  greater  the  power  lost,  the  higher  may  be  the  line  resistance, 
and  hence  the  smaller  the  wire.  The  pressure  required  to  force  a  current 
C  through  a  wire  of  resistance  R\&CxR.  This  pressure  is  generally  spoken 
of  as  the  drop,  for  the  reason  that  the  pressure  necessary  to  set  up  the  current 
through  the  line  is  lost,  and,  consequently,  the  pressure  falls  off  or  drops 
fh>m  ue  dynamo  to  the  receiving  ena  of  the  line.  In  all  cases,  the  pressure 
at  the  end  of  the  line,  or  point  where  the  power  is  delivered,  is  equal  to  the 
pressure  at  the  dynamo  less  the  drop  in  the  line,  and,  conversely,  the  pres- 
sure that  must  be  maintained  by  the  dynamo  in  order  to  obtain  a  given 
pressure  at  the  end  will  be  equal  to  the  pressure  at  the  receiving  end  plus 
the  drop  in  the  line.  To  illustrate  the  above,  take  the  case  shown  in  Fig.  3, 
where  a  dynamo  D  supplies  current  to  a  motor  Jf  situated  1  mile  disUint. 
In  order  that  the  motor  may  operate  properly,  the  pressure  at  its  terminals 
must  be  kept  constant  at,  say,  500  volts.  It  is  evident,  then,  that  the  pressure 
between  a  and  h  (the  dynamo  terminals)  must  be  more  than  500  volts,  bv  the 
drop  or  pressure  necessary  to  force  the  current  through  the  line.  If  the 
motor  is  takin&r  very  little  current,  i.  e.,  if  it  is  running  on  a  very  light  load, 
the  current  will  be  small,  and  hence  the  drop  in  the  line  will  be  small.  In 
order,  then,  that  the  pressure  at  the  motor  may  remain  constant,  or  nearly 
so,  the  pressure  at  the  dynamo  must  automatically  increase  as  the  load 
increases.  The  way  in  which  this  is  done  will  be  explained  later*  for  the 
present,  we  are  concerned  only  with  the  calculation  of  the  line.    The  line 

must  evidently  be  designed 
with  r^;ard  to  the  maximum 
current  it  has  to  carry.  We 
will  suppose,  for  the  sake  of 
illustrauon,  that  the  motor 
takes  50  amperes  at  ftill  load 
and  that  the  line  wire  is  of 
such  size  that  it  has  a  resist- 
ance of  .2  ohm  per  mile.  The 
current  has  to  pass  through  2 
miles  of  wire  (because  it  has 
to  flow  oiit  through  1  mile  and 
back  through  1  mile),  and 
hence  encounters  a  resistance 
of  .4  ohm.  The  drop  in  the 
line  will  then  be  .4  X  50  =  20  volts,  and  in  order  to  obtain  a  pressure  of. 
500  volts  at  the  motor,  the  pressure  at  the  dynamo  would  have  to  be  520 
volts.  The  loss  of  power  in  the  line  would  be  current  X  drop  =  50  X  20  >« 
1,000  watts,  or  about  1^  horsepower.  The  drop  in  an  electrical  transmission 
line  is  analogous  to  the  loss  in  pressure  due  to  the  flriction  encountered 
by  water  flowing  through  a  pipe  line. 

If,  in  the  illustration  lust  given,  a  size  of  wire  were  used  such  that  its 
resistance  would  be  .1  ohm  per  mile,  it  is  evident  that  the  loss  in  the  line 
would  be  halved,  but  the  weight  of  copper  required  doubled,  because  the 
wire  would  have  to  be  double  the  cross-section.  The  question  as  to  whether 
it  would  pay  better  to  invest  more  money  in  the  line  or  to  put  up  with  the 
larger  loss  is  something  that  must  be  determined  in  each  case  by  tne  relative 
cost  of  power  and  copper. 

In  many  cases,  the  loss  allowed  in  the  line  is  about  lOjt  of  the  power  to  be 
delivered,  though  sometimes  the  loss  may  be  allowed  to  run  as  high  as  \f^ 
or  25jt.  This  applies  only  to  transmission  lines.  For  local  electric-light  or 
power-distributing  systems,  the  amount  of  drop  allowed  is  usually  about  2Ji[ 
for  the  former  and  5jt  for  the  latter. 

The  problem  of  calculating  line  wires  usually  presents  itself  in  the 
following  form:  Qiven,  a  certain  amount  of  power  to  transmit  over  a  known 


Fig.  8. 
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dliMnee  with  ■  certain  ollowalile  Ion,  to  determine  the  crwiecttoi 
wire  required. 

Let         P  =  power  to  be  delivered,  ezprened  In  watts;  Pwill  b 

to  taorsepower  delivered  iX  end  or  line  maltlplled 

^  =  allowable  perecnta^  of  lose  in  line,  1-  e.,  percer 

pomer  d^tered  tbat  may  be  lott  Id  traasmMon; 
E  ~  voUage  at  end  of  tine  where  power  U  delivered: 
C  —  cnrreat  at  full  load; 

L  —  lenKth  of  wire  through  which  current  flOWB. 
The  croB»«ectlan  of  the  copper  conductor  will  then  be  given 
Ibllowiug  tdrmula: 


_  lO.S  X  t  X  C  X  100 

that  in  this  fcrmula,  i  U  the  aveisge  len 
,.^,^h  thp  eurrent  r7flowA.  Tho  annlifAtlnn  of  i 
theft 


eipressed  in  circular  milB,  and  the 


A  will  be  eipressed  In  clrcul 
may  be  (bund  by  coasultlag  th 
larly,  that  in  this  fcrmula,  i  ii 
vhfch  the  current  C&owe.    Tbi 


Lppli  cation 
EXAHPLE.— A  laiae  pump,  ddven  b;  an  eleclrlc  i 


from  the  power  Btatloa,  I^i 
6U  H.  P.,  and  the  vullBKe  at  Its  I 
line  wire  necessary  ut  supply  the 
15)loftbe '-•■ ' 


power  delivered. 

;tuttl  leneth  of  line  throngh  which  the  current  will  flow 
4  miles,  because  the  current  has  to  flow  out  to  the  motor  and  back 
We  have 


=  236,880  circular  mils,  ni 


e  It  Is  found  that  this  calls  for  a  wire 


out  latter  than  any  size  given  in  the  labl_, . . 

In  multiple  lo  make  up  the  required  crosB-sectlon,  or.  what 

stranded  cable  may  be  used.  Theee  heavy  atranded  cables  may 
obtained  in  diiferent  alzefl.  up  to  2,000.000  clrculBj  tails  cross-sectioD, 
It  is  evident  that,  in  the  above  eiamples,  If  it  were  allowable  I 
twice  as  much  power  in  the  line,  or  what  is  equivalent  lo  having  a  II 
of  160  volts  instead  of  76  volts,  the  crosasectlon  of  wire  required  wou 
been  one-half  of  tbat  Ibund  above.  Sucb  a  large  amount  of  toss 
however,  be  objectionable  unless  power  was  very  cheap.  A  large  ■ 
the  line  is  in  any  case  objectionable,  because  the  voltage  at  the  re 
end  of  the  circuit  will  Call  off  greatly  unless  the  voltage  at  the  gen 
Blatlon  is  raised,  as  the  load  comes  on.  In  order  to  compensate  for  1 
drop.  Most  of  the  usea  to  which  electricity  is  put,  In  minea  or  oUier 
requires  that  the  pressure  at  thepolnl  where  the  power  Is  aClllied  i 
kept  approElmately  constant.  For  example.  In  the  case  of  Incan 
lights,  the  lamps  will  Ikll  off  greatly  in  brightness  if  the  pressure  di 
even  by  a  comparatively  slight  amount.  Also,  if  motors  are  being  oi 
the  speed  will  vary  contideiably  if  the  pressure  Is  not  kept  constant 
may  be  stated,  in  general,  that  a  targe  line  loss  tends  to  poor  regui 
the  end  otthe  oircuit  where  power  Is  delivered. 

Flom  the  above  conslderationB,  it  will  be  seen  tbat,  in  the  ma] 
---'■-  -'le  Of  wire  to  be  used  under  given  conditions  Is  deterrol 


used,  and  the  drop  will  be  correBpondinelv  less. 

The  amount  of  current  that  a  given  wire  can  carry  without  over 
depends  very  largely  on  the  location  of  the  wire.  For  eiample, 
atmng  in  the  open  air  will  cany  a  greater  current,  with  a  given  lemf 
rise,  Utan  the  same  wire  would  if  boxed  up  in  a  molding  oroondu: 
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table  on  page  200  gives  the  approximate  safe  carrying  capacity  of  wires 
wlien  strung  in  the  air. 

In  order  to  keep  down  the  size  of  wire  required  to  transmit  a  given 
amount  of  power  over  a  given  distance,  with  a  certain  allowable  loss,  the 
current  must  be  kept  as  small  as  ix)S8ible.  Now,  for  a  given  amount  of 
power,  the  current  can  only  be  made  small  by  increasing  the  pressure, 
because  the  number  of  watts,  or  power  delivered,  is  equal  to  the  product  of 
the  current  and  the  pressure.  As  a  matter  of  foct,  if  the  pressure  in  any 
Riven  case  be  doubled,  the  amount  of  copper  required  will  be  only  one- 
fourth  as  great;  in  other  words,  for  a  given  amount  of  power  transmitted, 
the  weight  of  copper  required  decreases  as  the  square  of  the  voltage.  It  is 
at  once  seen,  then,  that  if  anv  considerable  amount  of  power  is  to  oe  trans- 
mitted over  long  distances,  a  nigh  line  pressure  must  be  used  or  else  the  cost 
of  copper  becomes  prohibitory.  The  use  of  high  pressures  in  power  trans- 
mission will  be  taken  up  in  connection  with  alternating  currents. 

Insnisted  Wires.— For  most  overhead  line  work  using  modem  voltages, 
weather-proof  insulated  wire  is  used.  This  wire  is  covered  with  two  or  three 
braids  or  cotton,  and  treated  with  insulating  compound.  For  inside  work, 
and  in  places  where  a  better  quality  of  insulation  is  required,  rubber-covered 
wires  are  used.  The  following  table  gives  the  approximate  weight  of 
weather-proof  line  wire.  The  cost  of  the  wire  per  pound  varies  considerably, 
owing  to  the  variations  in  the  price  of  copper;  about  18  cents  per  pound 
may  be  taken  as  an  approximate  figure  in  making  calculations. 


Weathbr-Pboop  Line  Wieb  (Roebling 

•8). 

Double  Braid. 

Triple  Braid. 

Number. 
B.&8. 

Outside 

Weight. 

Pounds. 

Outside 

Weight 

Pounds. 

Gauge. 

Diameter. 
32ds  Inch. 

Diameter. 
32ds  Inch. 

Per 

Per 

Per 

Per 

1,000  Ft. 

Mile. 

1,000  Ft. 

Mile. 

0000 

20 

716 

3,781 

24 

775 

4,092 

000 

18 

575 

3,036 

22 

680 

3,826 

00 

17 

465 

2,455 

18 

490 

2.58? 

0 

16 

375 

1,980 

17 

400 

2,112 

1 

15 

285 

1,505 

16 

806 

1,616 

2 

14 

245 

1,294 

15 

268 

1,415 

3 

18 

190 

1,003 

14 

210 

1,109 

4 

11 

152 

808 

12 

164 

866 

5 

10 

120 

634 

11 

145 

766 

6 

9 

98 

518 

10 

112 

591 

8 

8 

66 

349 

9 

78 

412 

10 

7 

45 

238 

8 

55 

290 

12 

6 

30 

158 

7 

85 

185 

14 

5 

20 

106 

6 

26 

137 

16 

4 

14 

74 

5 

20 

106 

18 

3 

10 

58 

4 

16 

85 

For  high-tension  lines,  it  is  customary  to  use  bare  wires  and  insulate 
them  thoroughly  on  special  porcelain  insulators.  The  ordinary  weather- 
proof wire  insulation  is  of  little  or  no  use  as  a  protection  when  these  high 
pressures  are  used,  and  it  only  makes  the  line  more  dangerous  because  of 
the  appearance  of  false  security  that  it  gives.  In  many  cases,  it  is  also 
better  to  use  bare  feeders  for  mine-haulage  plants,  because  the  ordinary 
insulation  soon  becomes  defective  in  a  mine,  and  a  wire  in  this  condition  is 
really  more  dangerous  than  a  bare  wire,  because  the  latter  is  known  to  be 
dangerous  and  will  be  left  alone.  

OURRKNT  ESTIMATES. 

Before  calculating  the  size  of  wire  required  for  any  given  case,  it  is 
necessary  to  know  the  current,  and  the  method  of  getting  at  this  will  depend 
-^n  what  the  current  is  to  be  used  for. 


INCANDESCENT  LAMPS. 
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tnoantf MMRt  LanM*~^^<>o  are  usaally  operated  on  110-Yolt  drcoita,  Fig.  i 
or  on  the  three-wire  systeni,  as  shown  in  Fig.  5.    In  the  three-wire  systen] 
two  110-Yolt  dynamos  are  connected  in  series  so  that  the  Yoltage  across  tht 
outside  wires  is  220.    The  neutral 
wire  a  a  connects  to  the  point  h 
where  the  machines  are  connected 
together.     The  wire  a  a  merely 
serves  to  carry  the  difference  in 
the  currents  on  the  two  sides  of 
the  system,  in  case  more  lamps 
should  be  burning  on  one  side 
than  on  the  other.    The  outside 
wires  for  such  a  system  are  calcu- 
lated as  if  the  lights  were  operated 

two  in  series  across  220  voltis.  The  middle  wire  is  usually  made  equal  in  siz4 
to  the  outei^  wires.  An  ordinary  16  c.  p.  incandescent  lamp  requires  aboui 
65  watts   for  its  operation;  a  32  c.  p.   lamp  requires  about   110  watts. 

Hence,  in  the  case  oi 
ordinary  parallel  dis 
tribution,  as  shown 
in  tig.  4,  the  dy 
namo  will  delivei 
about  i  ampere  foi 
each  16  c.  p.  lamp 
operated,  and  1  am- 
pere for  each  82  c.  p, 
lamp.  In  the  case  ol 
the  three- wire  sys- 
tem, each  pair  of  1€ 
c.  p.  lamps  will  take 
i  ampere,  and  the 
total  number  of  amperes  in  the  outside  wires  will  be  one-fourth  the  num- 
ber of  lamps  operatea. 

Example.— A  certain  part  of  a  mine  is  to  be  illuminated  by  fifb^  16  c.  p. 
lamps  and  ten  32  c.  p.  lamps.  This  portion  of  the  mine  is  1,000  ft.  m>m  the 
dynamo  room,  and  ihe  allowable  drop  in  pressure  is  5^.  The  lamps  are  to 
be  run  on  a  llO-volt  system.    Find  the  size  of  wire  required. 

Fifty  16  c.  p.  lamps  require 25  amperes 

Ten  82  c.  p.  lamps  require 10  amperes 

Total  current 35  amperes 

We  have,  then, 

.       ,         ,,         10.8X1.000X2X36X100       ,o^  ^^^    «       i         » 
circular  mils  = novfi ~  137,454  circular  mils, 

or  about  a  No.  00  B.  &  S.  wire. 

Example.— Take  the  same  case  as  in  the  last  example,  but  suppose  the 
lights  to  be  operated  on  the  three-wire  system.  There  will  then  be  twenty- 
five  16  c.  p.  lamps  and  five  32  c.  p.  lamps  on  each  side  of  the  circuit,  and 
the  total  current  in  the  outside  wires  will  be  17.5  amperes.  The  voltage 
between  the  outside  wires  will  be  220,  and  we  will  have 

cfacnlar nJlg  =.  ^»» X ^■'^'< ^^ ^^'^ >< ^°°  ^  34,363 drcnlar mUg. 

220X  5 
or  about  a  No.  5  B.  &  S.  wire. 

If  we  make  the  central  wire  also  of  this  size,  it  is  seen  that  this  system 
would  require  three-eighths  the  amount  of  copper  called  for  by  the  plain 
llO-volt  system.    There  is  the  disadvantage  that  two  dynamos  are  needed. 

Note.— The  length  to  be  used  in  the  wiring  formula  is  the  average  dis- 
tance traversed  by  the  current  in  the  conductor.  For  example,  if,  as  in 
Fig.  6  (a),  the  lamps  were  all  grouped  or  bunched  at  the  end  of  the  line,  the 
length  used  in  the  formula  would  be  twice  that  froxa.  O  Xa  A,  because 
the  whole  current  has  to  flow  out  to  A  through  one  main  and  back  through  the 
other.  In  other  words,  the  whole  current  here  passes  through  the  whole 
length  of  the  line.  In. case  the  load  is  uniformly  distributed  all  along  the 
line,  as  shown  in  Fig.  6  (6),  it  is  evident  that  the  current  decreases  step  by 
step  from  the  dynamo  to  the  end.  In  such  a  case,  the  length  or  distance  to 
be  used  in  the  formula  is  one-half  that  used  in  the  former  case,  or  simply 
^9  distance  from  the  dynamo  to  the  end,  instead  of  twice  this  distance. 
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Aro  Lamps.— Arc  lamps  are  frequently  run  on  constant-potential  circuits, 
and  usually  consume  from  400  to  500  watts.  There  are  so  many  types  of 
these  lamps  that  it  is  difficult  to  give  any  current  estimates  that  will  he  gen- 
erally applicable.  Enclosed  arc  lamps  usually  take  ftom  3  to  5  amperes 
when  run  on  llO^volt  circuits. 

Motors.— Practically  all  the  motors  used  in  mining  work  are  run  on  the 
constant-potential  system,  either  at  250  or  500  volts.  The  efficiency  of  ordi- 
nary motors  will  vary  from  70i  to  95^  or  higher,  depending  on  the  size.  The 
efficiency  is  ereater  with  the  larger  machines,  and,  for  tne  ordinary  run  of 
motors,  it  will  probably  lie  between  80^  and  90j(.  By  efficiency  is  here  meant 
the  ratio  of  the  useftil  output  at  the  pulley  or  pinion  of  the  motor  to  the 
total  input.  The  accompanying  table  gives  the  efficiency  of  motors  of 
ordinary  size: 

Approximate  Motob  Efficiency. 

I  to  14  H.  P.,  inclusive  =  1^  efficiency 
3  to  5  H.  P.,  inclusive  =  fiOjt  efficiency  / 

7t  to  10   H.  P.,  inclusive  =  85j<  efficiency 
15  H.  P.  and  upwards  =  ^  efficiency 
If  the  required  output  in  horsepower  is  known,  the  input  will  be 

^  ^  H.  P.  X  746 

efficiency  * 

W 

and  the  current  required  at  flill  load  will  be  C  =  -w,  where  E  is  the  voltage 

between  the  mains  at  the  motor. 

Conductors  for  Eleotrle-Hauiage  Plants.— In  electric-haulage  plants,  the  rails 
take  the  place  of  one  of  the  conductors,  so  that,  in  calculanng  the  size  of 
feeders  required,  only  the  overhead  conductors  are  taken  into  account.  It 
is  a  difficult  matter  to  assign  any  definite  value  to  the  resistance  of  the  track 
circuit,  as  it  depends  very  largely  on  the  quality  of  the  rail  bonding  at  the 
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Fig.  6. 

Joints.  If  this  bonding  is  well  done,  the  resistieince  of  the  return  circuit 
should  be  very  low,  because  the  cross-section  of  the  rails  is  compahitively 
large.  For  calculating  the  supply  feeders,  we  may  use  the  approximate 
formula, 

circular  mils  =  ii4#^;g><15?. 

EXi  drop 

In  this  case,  L  is  the  average  length  of  feeder  over  which  the  power  is  to 
be  transmitted.  It  will  be  noticed  that  the  constant  10.8  appearing  in  the 
previous  formulas  has  here  been  increased  to  14.  This  has  been  done  to  allow, 
approximately,  for  the  track  resistance,  but  this  constant  might  vary  con- 
siderably, depending  on  the  quality  of  the  rail  bonding.  If  tne  load  is  all 
bunched  at  the  end  of  the  feeder,  Lis  the  actual  length  of  the  feeder  in  feet 
If  the  load  is  uniformly  distributed  all  along  the  line,  as  it  would  be  if  a 
number  of  locomotives  were  continually  moving  ajong  the  line,  the  dis- 
tance L  in  the  above  formula  would  be  taken  as  one-htuf  that  used  in  the 
case  where  the  load  was  bunched  at  the  end.  In  other  words,  the  whole 
current  C  would  only  flow  through  an  average  of  one-half  ^e  length  of  the 
line. 
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EXAMPLS.— In  Fig.  7,  a  b  represents  a  section  of  track  4,000  ft.  long.  From 
the  dynamo  c  to  the  be^nning  of  the  section,  the  distance  is  1,200  ft.  The 
trolley  wire  is  No.  00  B.  &  S.,  and  is  fed  from  the  feeder  at  regular  intervals. 
Two  mining  locomotives  are  operated,  each  of  which  takes  an  average  cur- 
rent  of  75  amperes.  The  total  allowable  drop  to  the  end  of  the  line  is  to  be 
5^  of  the  terminal  voltage,  which  is  500  volts.  Calculate  the  size  of  feeder 
reqnired,  assuming  that  the  constant  14,  in  the  formula,  takes  account  of  the 
reostance  of  the  return  circuit. 

fflnce  the  locomotives  are  moving  from  place  to  place,  the  center  of  dis- 
tribution for  the  load  may  be  taken  at  the  center  of  the  4,000  ft.    The 
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Fig.  7. 

distance  L  will  then  be  1,200  +  2,000  =  3,200  ft.    The  total  current  'will  be 
150  amperes;  hence,  we  have 

,         „         14X3,200X150X100        „^„  ,^ 

circular  mils  =  —        ^^ V. .       =  268,800. 

oOO  X  o 
This  would  require  either  a  stranded  cable  or  the  use  of  two  No.  00  wires 
in  parallel  from  c  to  a.  From  a  to  5  we  have  the  No.  00  trolley  wire  in 
parallel  with  the  feeder;  hence,  the  section  of  feeder  a  b  may  be  a  single 
No.  00  wire.  In  many  cases,  the  drop  is  allowed  to  run  as  high  as  10^, 
because  the  loads  are  usually  heavier,  and  the  distances  longer,  than  in  the 
example  given  above.  

DYNAMOS  AND  MOTORS. 

A  dynamo  is  a  machine  for  converting  mechanical  enerary  into  electrical 
energy  by  moving  conductors  relatively  to  a  magnetic  field. 

An  tleetric  motor  is  a  machine  for  converting  electrical  energy  into 
mechanical  energy  by  the  relative  motion  between  conductors  carrying  a 
current  and  a  mametic  field. 

In  the  case  of  a  dynamo,  a  number  of  conductors  are  made  to  move 
across  a  magnetic  field  by  means  of  a  steam  engine  or  other  prime  mover, 
and  the  result  is  that  an  £.  M.  F.  is  set  up  in  the  conductors,  and  this  E.  M.  F. 
will  set  up  a  current  if  the  circuit  is  closed. 

In  the  case  of  a  motor,  a  number  of  conductors  are  arranged  so  that  they 
are  free  to  move  across  a  magnetic  field,  and  a  current  is  sent  through  these 
conductors  from  some  source  of  electric  current.  The  current  flowing 
through  these  conductors  reacts  on  the  magnetic  field  and  causes  the 
conductors  to  move,  thus  converting  the  electrical  energy  delivered  to  the 
motor  into  mechanical  energy. 

As  far  as  mechanical  construction  goes,  dynamos  and  motors  are  almost 
identical,  and  the  operation  of  the  motor  is  exactly  the  reverse  to  that  of  the 
dynamo. 

Dynamos  and  motors  may  be  divided  into  two  general  classes:  (a)  Dyna- 
mos and  motors  for  direct  current;  (b)  dynamos  and  motors  for  altemcUing 
current.  

DIRECT-CURRENT   DYNAMOS. 

Principle  of  Action.— Direqt-current  dynamos  are  those  that  furnish  a 
current  that  always  flows  in  the  same  direction.  This  kind  of  dynamo  is 
largely  used  for  incandescent  lighting,  and  also  for  the  operation  of  street 
railways. 

A  dynamo  generates  an  E.  M.  F.  by  the  motion  of  conductors  across  a 
magnetic  field;  hence,  at  the  outset,  it  is  seen  that  there  must  be  at  least  two 
essential  parts  to  a  dynamo;  namely,  a  magnet  of  some  kind  to  set  up  a 
magnetic  field,  and  a  series  of  conductors  arranged  so  that  they  may  be 
moved  or  revolved  in  the  magnetic  field.    The  first  part  is  known  as  the 
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Olid  ••|<wl,  or  very  orten,slmplva>tbelltld.   The  ■eoond  nut  la  kmnm  u 

the  ■rmitur*.    The  field  Is  supplied  hymeaosof  a  powernil  electromafiiM 

which  iR  miigneUzfd  by  the  current  in  the  field  coUb.    Hg,  B  show*  a  lyplcal 

sli-pole  maftnEl  of  this  kind;  B,  V  ore  the  magnetlzioK  voUs,  which,  when  a 

current  1r  eeiit  through  then>,  form  powertul  murDetic  poles  at  N,  S,    The 

fruaewuik  A  of  such  a  field  magnet  la  unially  uuufe  of  cast  Iran  or  cast  steel. 

These    field    tQagneta    may 

have  any  number  of  poles, 

but    machines    of  oidmarr 

die  are    usually    proTldea 

wllh  (him  two  to  eight  poles. 

The  annatuie  nsually  con- 

risls  of  a  number  of  tarns  of 


•rnuiged  ai 


ring  or  dmm  buUt 

-,.  of  soft  Iron  Bheeta  Fig.  9 
sbows  the  oanstrnction  of  a 
lypiGKl  armature  of  the  ring 
type.    The  winding    is 

eecttons.  and  the  terminals 
oonnected  to  tha  Mnaatitsr. 
This  commntaloi  oonMstB 
of  a  nnmbei  of  copper  bars, 
Innilated  from  eaob  other  by 
meana  of  mica,  the  bondle  of 
ban  being  clamped  firmly 
Into  place  and  turned  up  to 
form  a  true  cylindrical  sor- 
face.  The  sections  Id  the 
commulalor  correspond  Hith 


commutator  will  be  described  later.    The  winding  o: 


of  one  section 


ttauscT-cvaaEST  DntAuos.  21 

BnppoM  UiB  ring  diown  In  Fis.  10  with  Its  endlaai  nrlndlng  lo  be  ratal* 


SDppoM  the  ring  diown  In  FiB.  10  witl  .._  

betvmn  the  poles  of  >  2-pale  flela  mavnet.   We  will  tben  b&Te  (be 
aonotaBUrsaa  Indicated  iD  Fig.  10.    The  mafneUclinee  will  flow  fiom 
II  pole  of  the  Held  magnet  acrOBs  thioogb  [he  Iron  core  of  tbe  srmatnre 

""'"  ""I  S  pole  on  the  other  aide.    Since  all  the  cod-"""' "  •' ' 

i  of  tbe  ring  are  movinK  upwaid%  they  will 
them  in  one  directlna.  while  theE.  if  F.  In 


le  condactnn  oa  the  rigb 

-„ -, ^— _,  will  have  an  E.  If .  F.  gei 

crated  in  them  in  one  directlna.  while  the  E.  IT  F.  In  the  oondncton  on  tb 

leR  a&e  will  have  an  E.  U.  F.  In  the  oppoplle  direction,  beoaiue  all  tb 

OOndaolon  on  this  «tde  are 

moving  downward!,  or  in  • 

the  oppOEtte  direction,  t 


windings  of  the . 


s 


1  and  a',  as  shown 
dotted  lines,  and 
uiese  tape  connected  to 
two  rings  r,  r',  mounted  so 
as  to  revolve  with  the 
armature,    Bf allowing 

Itmahefl  b,  b'  to  press  on  Fro.  ID. 

these  rings,  we  can  make 

connection  with  an  outside  ciicnlt  d,  which  may  consist  of  a  number  ( 
lamps  or  any  other  device  tbrough  wnicli  we  wish  to  send  a  current.    B 

SLtongln  the  tape  at  a  and  a',  we  have  allowed  tbe  two  opposing  E.  M.  F. 
set  up  a  current  through  the  common  connections  to  the  rlttgs,  an 
tbence  through  the  outside  circuit.  Current  now  flows  In  each  half  of  th 
armature  winding,  unites  at  a,  flows  out  by  means  of  ring  r'  and  brush  b' 
thence  through  the  ouMde  circuit  d  lo  brush  b  and  ring  r.  ttom  whence  i 
passes  to  a'  and  thus  completes  tbe  circuit.  When  the  ring  makes  a  hal 
revolution  from  the  poslHoa  shown  in  the  flgure,  11  is  seen  that  the  ourren 
in  theouslde  circuit  will  flow  In  tbe  opposite  direction.  In  fact,  an  arrange 
ment  of  this  kind  would  deliver  a  current  that  would  be  periodically  revers 
Ing  in  the  outside  circuit,  oi 
it  would  be  what  is  linowD  ai 

Instead    of  simply  brlnglni 

suppose  the  winding  to  bi 
tapped  at  a  fairly  large  numl>ei 

l)rouglit  down  to  a  number  o 
insulated  strlpa.  as  shown  ii 
Fig.  11.      If  the   armature   b. 

the  brushes  wl\l  come  In  contaci 
with  successive  tmrs  and  keei 
the  outside  circuit  in  sucb  re 
latlon  to  the  armature  windini 


The  arrangement  made  up  of  insulated  bars  is  called  the  cor         

because  it  commutes  or  changes  the  relation  of  the  outside  circuit  to  th( 
armature  winding  so  that  the  current  In  the  outaide  circuit  always  flow: 
in  the  same  direction.  All  practical  machines  used  for  tbe  ireneratloi 
of  direct  current  most  lie  provided  with  sucb  a  commntator.  when  alter 
natlnf  onrrMits  ate  used  it  Is  only  necenur  to  nee  plain  collector  rings,  a 
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shown  in  Fig.  10.  The  foregoing  brief  description  will  give  a  general  idea 
as  to  the  construction  of  an  ordinary  direct-current  dynamo  or  motor. 
Drum- wound  armatures  are  more  firequently  used  than  the  ring  type  shown, 
but  the  action  is  the  same  in  either  case. 

Factors  Dtterminini  E.  M.  F.  Gentrated.— A  dynamo  should  be  looked  upon 
as  a  machine  for  maintaining  an  electrical  pressure  rather  than  as  a  machine 
for  generating  a  current.  A  pump  does  not  manufacture  water— it  merely 
maintains  a  head  or  pressure  that  causes  water  to  flow  wherever  an  outlet  is 
provided  for  it  to  flow  through.  In  the  same  way,  a  dynamo  maintains  a 
pressure,  and  this  pressure  will  set  up  a  current  whenever  the  circuit  is 
closed,  so  that  the  current  can  flow.  The  important  thing  to  consider, 
therefore,  is  the  E.  M.  F.  that  the  dynamo  is  capable  of  generating. 

The  E.  M.  F.  generated  by  an  armature  depends  on  the  total  number  of 
magnetic  lines  cut  through  per  second  by  the  armature  conductors.  This 
means  that,  in  the  first  place,  the  faster  the  armature  runs,  the  higher  will  be 
the  E.  M.  F.;  in  the  second  place,  the  greater  number  of  conductors  or  turns 
there  are  on  the  armature,  uie  higher  will  be  the  E.  M.  F.;  and  in  the  third 
place,  the  stronger  the  magnetic  field,  the  higher  will  be  the  £.  M.  F.  The 
E.  M.  F.  in  terms  of  these  quantities  may  be  written 


E  = 


nCN 


100,000,000'      • 
where         n  =  speed  in  revolutions  per  second; 

C  =  number  of  conductors  on  face  of  the  armature; 
N  =  number  of  magnetic  lines  flowing  from  one  pole. 
The  constant  100,000,000  is  necessary  to  reduce  the  result  to  volts.    This 
equation  enables  us  to  make  calculations  relating  to  any  two-pole  dynamo, 
and  with  slight  modification  it  is  applicable  to  machines  with  field  magnets 


Fig.  12. 


Fig.  13. 


having  a  number  of  poles.  It  will  not  be  necessary  to  consider  this  formula 
t\irther  here,  as  the  main  thing  to  fix  in  mind  is  that  the  K  M.  F.  is  propor- 
tional to  the  three  quantities:  speed,  number  of  conductors,  and  strength  of 
field. 

Field  Excitation  of  Dynamos.— In  the  earliest  form  of  dynamo,  the  magnetio 
field  in  which  the  armature  rotated  was  set  up  by  means  of  permanent 
magnets.  Permanent  magnets  are,  however,  very  weak  compared  with 
electromagnets,  which  are  excited  by  means  of  current  flowing  around 
coils  of  wire  wound  on  a  soft-iron  core,  as  shown  in  Fig.  13.  As  soon  as  the 
current  ceases  flowing  around  the  coils  of  an  electromagnet,  the  magnetism 
almost  wholly  disappears,  but  a  small  amount,  known  as  the  re^idwUmagnH' 
ism  remains.  It  is  to  this  residual  magnetism  that  the  dynamo  owes  its 
ability  to  start  up  of  its  own  accord  and  excite  its  own  field  magnets. 
When  the  armature  is  first  started  to  revolve,  a  very  feeble  £.  M.  F.  is  gener- 
ated in  it,  but  the  armature  is  connected  to  the  field  coils  in  such  a  way 
that  this  small  £.  M.  F.  is  able  to  force  a  small  current  through  the  field 
coils,  and  thus  set  up  a  larger  amount  of  magnetism  in  the  field.  This  in 
turn  increases  the  E.  M.  F.  in  the  armature,  and  the  building-up  process  goes 
on  rapidly  until  the  dynamo  generates  its  full  pressure.  There  are  t&ne 
different  methods  in  use  for  suppljring  the  field  coils  with  current,  and  con- 
tinuous-current dynamos  are  divideainto  three  classes,  according  to  the 
method  used  for  exciting  their  fields.  These  three  classes  are:  (a)  Series* 
wound  dynamos;  (6)  shunt-wound  dynamos;  (c)  compound-wound  dynamoa 


SHDlfT-WOUSD  DYXAUOa. 


(a)  ■irtM'WMinf  DfMBN.— In  this  clui  of  nuohlne,  the  fleM  coila  on 
oonnected  In  aeries  wiOi  the  annature,  and  all  the  cuirent  that  passea 
through  Uie  annature  alao  paam  through  the  Held  and  the  ouMlde  eircult. 
Thla  arrangement  ii  shovn  1"  <""  ''>  ■uherB  k 
and  S  represent  the  poles  oi 


any  aUier  device  In  which  It  la  deab^d  to 
utilize  Uie  current.  It  will  be  noticed  that  irlth 
an  arrangement  of  this  kind,  the  E.  M.  F.  will 
increaae  aa  the  current  Increasea,  because  the 
Held  win  become  Htronger  ani^  the  apeed  Is  sufh 
posed  to  remain  constant.  This  will  be  true  up 
to  the  point  vhere  the  field  corrlea  all  the  mag- 
Qetlamlt  la  capable  or,  or,  In  other  words,  until 
II  becomes  aaturated.  Alter  this  point  is 
readied,  the  £.  M.  F.  will  Increase  very  little 
with   iQOreBse    of   ^MinvnC        In    miwt     nf   thtt 

work  connected  n ....  ..„ „  ... 

mlffiion.  It  is   dedrable  to  have    ._ 

r&maln  nearly  constant.  For  thla  re^usuu,  luDrciuiv,  ljic  kiicb  iuelhuu  ui 
excitation  htu  not  l>een  very  largely  used  (or  dynamos.  The  only  style 
of  geiteratOT  to  wlilch  it  lias  been  applied  at  all  generally  Is  the  ajc-llght 
dvDamo.  and  these  niachlnes  are  provided  with  an  automatic  i^ulator  of 
0  vary  the  voltage  as  deelred.     The  series  field  winding  has, 

-jen  hm-'-  ■ — '  ^-  '--    -'■'-  ■'- • ^  — 

constant-preaaure  a 


(A)  Sknst- 

BJgely  of  la 


i  Oimsingi.— This  style  of  machine 


resistance  in  or  out.  the  neld  may  be  weakened  or  strengthened  and  the 
voltage  varied  accordingly.  With  this  type  of  machine,  the  current 
tbrougb  the  field  does  not  vary  greatly  from  no  load  to  full  load,  and  If 
the  dynamo  la  well  designed,  the  pressure  at  the  brushes  wilt  keep  approxi- 
mately constant.  The  pressure  will,  however,  always  (all  oS  more  or  less, 
on  account  of  the  drop  in  the  armature,  due  to  lla  reslslance,  and  also  upon 
the  tendency  that  Ihe  current  In  the  armature  has  of  weakening  the  field. 
The  ahunt  wlndlog  Is  used  quite  largely  for  motors. 

'ound  dvnamo  la  the  ona 

„_.,  , __t  distribution,  and  It  la  so 

called  because  the  vlnding  used  for  excidng  the  fleld  is  a  combination  of  the 
■erlea  and  shunt  windings  previously  deficribed.  The  series  winding 
aervea  the  purpose  of  keeping  up  the  Seld  strength  while  the  load  la 
Increased,  uid  thus  keeps  the  pressure  constant,  or  even  makes  It  rise  with 
increased  load,  If  so  dedred.^  When  the  series  winding  is  so  adjusted  that 


._ie  preaaure  rlset 

pmmdat.    Pig.  11  shows  (be  connectloue  for  auch  a  machine.    It  will  be  ae^n 


te-, 


tliat  the  shunt  Winding  la , 

not  idiown  In  the  figure,  being  in»eried  for  the  purpose  of  adjusLiiiK  uw  vuii- 
~'.  One  brush  connectadlrecUy  to  one  terminal  of  the  machine  +  %  while 
—  other  bmsh  connects  to  one  end  of  Ihe  aeries  winding  on  the  fleld.  The 
other  endoTtheaerieawlndlnB  torma  the  other  terminal  -T,  to  which  the 
outside  Blrcnlt  £  e  la  connected.  It  la  thus  seen  that  the  ahunt  coll  aupplles 
a  certi^  amount  of  initial  mwnettiatlon  that  is  augmented  by  the  magnet- 
ism supplied  by  the  series  colls.  Of  conrse,  care  mast  be  taken  to  see  that 
the  current  in  the  aeries  odla  drculatea  around  the  field  In  the  same  dlrec* 
tion  as  that  In  tbe  ahunt  coils,  oUierwf  se  the  effect  vould  be  to  make  the 
KM.F.fUloffwItlilnaTeulngloadlDateadofkee^ngitup.  This  Is  the  style 


sxclualvely  for  electric  haulage  plants,  as  well  ai 
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ftta  under  veiy  trying  oond „  _ , ^ „ — ^ 

Itig  plonls  Di  on  the  ordinary  etieet  car.    For  this  reasan.  their  mecbanlca. 

, .j^Q  often  differs  somewhat  tmm  tiiat  of  the  dynamo,  the  dealgii 

jja.j  I w  _ loencloie  the  working  porta  as  oomplelely 

m  ftvm  dirt  and  Injur;.    TheMr    ''  ■      ■ 


ig  modified  in  aich  a,  way  as  Ut  encloee  the  working  porta  as  (loinplelclj 


wound  motors  are  only  used  for  a  few  special  kinds  of  work.  PrMUdUly  all 
of  the  motors  in  use  are  operated  ftom  coostant-preaaura  majos;  I.e.,  the 
pressure  at  the  ttrmlnals  of  the  motor  Is  pmcticiuly  constont,  no  matter 
— "--■  '  -'  "  — ly  be  carrying.    Wh  will  here  conalder  coDMant-potentlal 


what  load.  It 

if  Oniritlon— If  Iht „  „, 

It  supplied 


Prlnctplai  of  Op  •ration.— If  the  Qelds  of  an  ordinsry  conslanl'potentlal 

dynamo  are  eiolted  and  a  current  supplied  to  the " "■ 

•lile  source,  such  aa  another  dynamo  J>,  Fig.  i&, 

at + B,  and  paadne  through 
the  winding  in  the  direc- 
tion Indicated  by  the 
amiwhesda.leaves  attmish 
—  B.  It  will  be  found  that 
all  of  the  condueiora  under 
the  S  pole  bee,  b,  e,  d,  e,  f, 

dovmwardt,  and  all  tboss 
under  the  N  pole  &ce,  J.  k, 
I,  m,  n.  and  o,  will  tend  to 
move  upwarax,  as  Indicated 
by  the  small  arrows. 

These  fbrces  oombine  to 
a  teitdencyof  the 


Fio.15. 

n  number  of 


-._  uig  as  indicated  by  the 
dency  is  called  the  tor^i* 


torque— wbicb  is  usually 
expressed   in    pound-ftet; 

(uBUftlfy  1)  of  feet-dependa  on  (11  the  strength  of  the  field,  (2)  the  number 
of  conductors,  (S)  their  mean  distance  from  the  axis  of  the  armature  and 
(41  the  aroperesln  each  conductor.  In  any  giyen  machine,  the  second  and 
third  condltiona  are  constant,  so  that  the  torque  depends  on  the  strength  of 
the  fleld  and  the  current. 

If  the  armature  is  stationary,  the  E.  M.  F.  required  to  send  the  current 
thiough  the  winding  is  only  that  necessary  to  oTereome  the  drop,  which  is 
due  to  the  reBlsCance  of  the  winding.  If  the  torque  exerted  by  this  current 
1b  greater  than  the  opposition  to  rootlon,  so  that  It  csuses  the  armature  to 
levolre.  the  motion  of  the  conductors  through  the  field  generates  In  them 
an  E.  M.  P.  that  Is  opposed  lotheE.M.  F.  Oiat  it  wndlno  Ihc  current  through  titt 

ThiflopposingE.H.F.,  or  counter  £.  Jf,  *■.  as  it  Is  calied,  then  dlmlniahee 
the  effect  of  the  applied  E.  M.  ¥.,  so  that  the  current  is  reduced,  reducing 

"--  • ='— ild   the  torque  still  be  greater  than  the  oppodtton  to 

--       . '"continue  to' • >—...- 


motion,  the  speed  _- , .  - 

counter  K.  M.  T.,  and  thereby  furthei  

responding  torque,  utiHi  the  Uyrque  jtitt  doiai 

At  all  times,  the  drop  of  potential  through  the  aimatuia  Is  equal  to  the 
il^prmce  bettwm  the  emcatrr  and  theappHai  E.  M.  F.'t,  and  as  the  piodnctof 
tMs  drop  and  the  current  represenli  energy  wasted.  It  Is  desirBble  to  make  It 
aa  low  as  passible.  In  good  motors  of  about  10  H.  P.  output,  the  drop  In 
the  armature  is  seldom  more  than  about  6)(  of  the  appliedE.  If.  F.,  and  la 
leaa  In  larger  machinea. 

This  being  the  Case,  it  is  evident  that  if  the  armature  Is  at  retf,  bo  that  It 
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has  no  ooanter  E.  M.  F. ,  and  is  connected  direoUy  to  the  mains,  a  yerj  laige 
current  will  flow  through  it,  which  would  be  liable  to  damage  the  armature. 
Ou  this  account  an  external  resistance,  called  a  itarting  ruittanct,  is  con* 
nected  in  series  with  the  armature  when  it  is  to  be  started.  This  resistance 
is  made  great  enough  to  prevent  more  than  about  the  normal  current  from 
flowing  through  the  armature  when  it  is  at  rest;  as  the  armature  speeds  up 
and  develops  some  counter  E.  M.  F.,  this  resistance  is  gradually  cut  out. 
until  the  armature  is  connected  directly  to  the  mains,  and  is  running  at 
normal  speed. 

The  energy  represented  by  the  product  of  drop  in  the  armature  and  the 
current  is  wastedi^  that  represented  by  the  product  of  the  current  and  the 
rest  of  the  E.  M.  F..  that  is,  the  counter  E.  If.  F.,  is  the  energy  required  to 
keep  the  armature  in  motion. 

Aside  Arom  the  comparatively  small  amount  of  current  required  to  fhmish 
the  torque  necessary  for  overcoming  the  firictional  losses  in  the  motor  itself 
which  are  practically  constant,  the  amount  of  current  taken  from  the  mains 
is  directly  proportional  to,  and  varies  automatically  with,  the  amount  of  the 
external  load;  for.  if  this  external  load  is  increased,  the  current  which  has 
been  flowing  in  the  armature  cannot  fhrnidi  sufficient  torque  for  this 
increased  load,  so  that  the  machine  slows  down.  This  decieases  the  counter 
E.  M.  F.,  which  immediately  allows  more  current  to  flow  through  the  arma- 
ture, increasing  the  torque  to  the  proper  amount.  If  the  external  load 
is  decreased,  the  current  flowing  lumishes  an  excess  of  torque,  which 
causes  the  speed  to  increase,  increasing  the  counter  E.  M.  F..  and  de- 
creasing the  current  until  it  again  fUrmshes  only  the  required  amount 
of  torque. 

Since  the  counter  E.  M.  F.  is  very  nearly  equal  to  the  applied,  it  is  only 
necessary  for  it  to  varv  a  small  amount  to  vary  the  current  within  wide 
limits.  For  example,  it  the  resistance  of  a  certidn  armature  is  1  ohm,  and  it 
is  supplied  with  current  at  a  constant  potential  of  2&0  volts,  then,  when  a 
current  of  10  amperes  is  flowing  through  it,  the  drop  is  10  X 1  =  10  volts, 
and  the  counter  E.  M.  F.  is  250  ~  10  =»  240  volts.  Now,  if  the  current  is 
reduced  to  1  ampere,  the  drop  is  1 X 1  =>  1  volt,  and  the  counter  £.  M.  F.  is 

g 
250— 1  »  249  volts;  that  is,  the  counter  E.  M.  F.  only  varies  rrg,  or  8.75)(, 

9 
while  the  current  varies  rr,  or  WjL 

As  stated  before,  the  field  magnets  of  constant-potential  motors  are 
usually  either  shunt-wound  or  series-wound. 

If  snunt-wound,  and  supplied  fh>m  a  constant-potential  circuit,  the  mag- 
netizing force  of  the  field  coils  is  constant,  giving  a  practically  constant 
field.  This  being  the  case,  the  counter  E.  M.  F.  is  directly  proportional  to 
the  speed,  so  that  variations  of  the  load  make  only  slight  variation  in 
the  speed.  A  shunt-wound  motor  is  then  (practically)  a  corutarU-tpeed 
motor. 

With  series-wound  motors,  the  strength  of  the  field  varies  with  the  cur- 
rent; if  the  load  on  such  a  motor  is  reduced,  the  excess  of  torque  makes  the 
armature  speed  up,  but  as  the  resulting  decrease  of  the  current  decreases 
the  field  strength,  the  armature  must  speed  up  to  a  much  greater  extent,  in 
order  to  increase  the  counter  E.  M.  F.  to  the  right  degree,  than  would  be 
necessary  if  the  field  were  constant.  If  the  load  is  increased,  the  increase 
in  the  current  so  increases  the  field  strength  that  the  speed  must  decrease 
considerably.  In  order  to  decrease  the  counter  E.  M.  F.  by  the  right  amount. 
The  speed  of  a  series-wound  motor,  then,  varies  largely  with  variations  in 
the  load. 

An  advantage  of  the  series  motor  is  that  if  a  torque  greater  than  the 
normal  is  required,  it  can  be  obtained  with  less  current  than  with  a  shunt 
motor,  since  the  increased  current  increases  the  field  strength,  and  the 
tordue  is  proportional  to  both  these  factors. 

It  would  not  be  practicable  to  make  the  field  strength  of  a  shunt  motor 
as  gretA  as  is  possible  to  get  with  a  series  motor,  since  it  would  require  a 
very  large  magnetizing  force,  and  with  the  shunt  winding,  this  extra 
magrnetizing  force  would  have  to  be  expended  all  the  time,  whether  the 
strong  field  was  required  or  not,  which  would  be  very  wasteful;  In  the 
series  motor,  however,  this  extra  magnetizing  force  is  only  expended  while 
it  is  needed. 
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A  disadTantage  of  the  series  winding  is  that  if  all  the  load  is  taken  off; 
the  current  required  to  drive  the  motor  is  very  small,  making  a  weak  field, 
which  requires  such  a  high  speed  to  generate  the  proper  counter  E.  M.  F. 
that  the  armature  is  liable  to  be  damaged.  In  other  words,  the  motor  will 
race,  or  run  away,  if  the  load  is  all  removed.  This  cannot  occur  with  the 
shunt  motor  as  long  as  the  field  circuit  remains  unbroken. 

On  account  of  the  above  features,  shunt  motors  are  used  to  drive 
machinery  that  requires  a  nearly  constant  speed  with  varjring  loads,  or 
which  would  be  damaged  if  the  speed  should  become  excessive,  such  as 
ordinary  machinery  in  shops  and  factories,  pumps,  etc.  Series  motors  are 
used  on  street  cars,  to  operate  hoists,  etc.,  where,  on  account  of  the  gearing 
used,  the  load  cannot  be  entirely  thrown  off,  and  the  torque  required  at 
starting  and  getting  quickly  up  to  speed  is  much  greater  than  the  normal 
amount. 

Speed  Regulation  of  Motors.— The  torque  of  a  motor  depends  on  the  current: 
that  is,  for  a  given  current,  the  torque  will  be  the  same  whatever  may  be 
the  speed,  provided  the  field  strength  remains  the  same.  The  tpeed  at 
which  the  armature  runs  is  a  matter  of  E.  M.  F.  only;  that  is,  with  a  given 
current  the  speed  will  be  proportional  to  the  applied  E.  M.  F.,  or,  more 
strictly,  the  counter  E.  M.  F.,  other  conditions  remaininff  the  same. 

It  has  been  shown  that  the  torque  will  automatically  regulate  itself  for 
changes  in  the  load.  The  speed,  however,  may  be  varied  oy  varying  the 
applied  E.  M.  F.  or  the  strength  of  the  field.  A  change  in  speed  may  or 
may  not  result  in  a  chauKe  in  the  torque  required,  depending  on  the 
character  of  th6  work  done  oy  the  motor. 

The  simplest  way  to  vary  the  applied  E.  M.  F.  is  to  insert  a  resistance,  in 
series  with  the  armature,  similar  to  the  starting  resistance.  By  varying 
this  resistance,  the  applied  £.  M.  F.  at  the  terminals  of  the  motor  is  also 
varied,  although  the  £!.  M.  F.  of  the  mains  remains  constant     It  is  evident 
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that  the  energy  represented  by  the  product  of  the  current  and  the  drop 
through  the  resistance  is  converted  into  heat,  and  is  thereby  wasted; 
therefore,  for  great  variations  in  speed,  this  method  is  not  economical, 
though  often  very  convenient. 

The  applied  E.  li.  F.  may  also  be  varied  by  varying  the  E.  M.  F.  of  the 
generator  supplying  the  current,  but  this  can  only  be  done  where  a  single 
generator  is  supplying  a  single  motor,  or  several  motors,  whose  speed  must 
all  be  varied  at  the  same  time;  so  that  this  method  is  only  used  in  special 
cases. 

If  the  strength  of  the  field  is  changed,  the  speed  necessary  to  give  a  cer- 
tain counter  E.  M.  F.  will  also  be  changed,  which  gives  a  convenient 
method  of  varying  the  speed.  If  the  strensfth  of  the  field  is  lessened,  the 
speed  will  increase,  and  ii  the  field  is  strengthened,  the  speed  will  decrease. 
With  shunt  motors,  the  field  may  be  weakened  by  inserting  a  suitable 
resistance  in  the  field  circuit,  as  in  shunt  dynamos;  with  series  motors  the 
same  result  may  be  obtained  by  cutting  out  some  of  the  turns  of  the  field 
coils  or  by  placinG^  a  suitable  resistance  in  parallel  with  the  field  coils. 

This  mefhod  of  regulation  is  also  of  limited  range,  since  it  is  not  eoonom> 
ical  to  maintain  the  strength  of  the  field  much  above  or  below  a  certain 
density.  The  resistance  method  described  above  being  rather  more  simple, 
it  is  generally  used.  For  special  cases,  such  as  street-railroad  work,  various 
special  combinations  of  the  above  methods  of  regulation  are  used. 

One  of  the  most  common  of  these  is  known  as  the  t«rits>paralltl  method, 
and  is  the  method  of  regulation  ^nerally  used  at  present  for  operating 
street  cars.  This  method  is  equivalent  to  the  method  of  cutting  down  the 
speed  by  reducing  the  E.  M.  F.  applied  to  the  motor,  and  is  only  applicable 
where  at  least  two  motors  are  used.  It  is  also  used,  to  some  extent,  in 
haulage  plants.  When  a  low  speed  is  desired,  or  when  the  car  is  to  be 
started  up,  the  motors  are  thrown  in  series,  as  shown  in  Fig.  16,  thus  w*^ir<ng 
the  volta^re  across  each  motor  equal  to  one-half  the  voltage  between  xh% 
lines,  and  cutting  down  the  speed  accordingly.   When  a  high  speed  Is 
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desired,  the  motors  are  thrown  in  multiple,  as  shown  in  Fig.  17,  and  each 
motor  runs  at  ftill  speed  because  it  gets  the  full  line  pressure.  In  practice, 
starting  resistances  are  used  in  connection  with  the  above  to  nutke  the 
starting  smooth,  but  the  two  running  positions  are  as  shown,  the  motors 
being  connected  in  series  in  the  one  case,  and  in  i>arallel  in  the  other. 

Conntotlons  for  ContinnoaS'Carront  Motors.— Fig.  18  shows  the  manner  in 
which  a  eiiunt  motor  is  connected  to  the  terminals  +  and  —  of  the  circuit 
It  will  be  seen  that  the  current 
through  the  i^unt  field  does  not 
pass  through  the  resistance  R 
which  is  connected  in  the  arma* 
ture  circuit.  This  is  necessary, 
since  to  keep  the  field  strength 
constant,  the  Aill  diflfbrence  of 
potential  must  be  maintained  be- 
tween the  terminals  of  the  field 
coil,  which  would  not  be  the  case 
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Fig.  17. 


if  the  rheostat  were  included  in  the  field  current,  for  then  the  difference  of 
potential  would  be  only  that  existing  between  the  brushes  +  B  and  —  B. 
As  on  starting  the  motor  this  difference  of  potential  is  small,  only  a  small 
current  would  fiow  through  the  field  coils,  which  would  generate  such  a 
weak  field  that  'an  exce^ve  current  would  be  required  to  ftimish  the 
necessary  torque  for  starting  the  motor. 

When  connected  as  shown,  however,  the  field  is  brought  up  to  its  tall 
strength  before  any  current  passes  through  the  armature;  so  this  difficulty 
does  not  arise. 

Since  in  a  series  motor  the  same  current  flows  through  both  armature  and 
field  coils,  the  starting  resistance  may  be  placed  in  any  part  of  the  circuit. 
The  diagram  in  Fig.  19  illustrates  one  method  of  connecting  a  series  motor 
to  the  line  terminals  +  and  — ;  here  the  starting  or  regulating  resistance  R 
is  placed  between  the  —  line  terminal  and  the  brush  —Bof  the  motor. 

To  reverse  the  direction  of  rotation  of  a  motor  it  is  necessary  to  reverse 
either  the  direction  of  the  field  or  the  direction  of  the  current  through  the 
armature.  It  is  usual  to  reverse  the  direction  of  the  current  in  the  arma- 
ture, a  switch  being  used  to  make  the  necessary  changes  in  the  connections. 

Fig.  20  shows  tne  connections  of  one  form  of  reversing  switch.  Two 
metal  bars  B  and  Bi  are  pivoted  at  the  points  T  and  Ty,  one  is  extended 
and  supplied  with  a  handle  H,  and  the  two  bars  are  joined  together  by  a 
link  L  or  some  insulating  material,  such  as  fiber.  Three  contact  pieces  a,  b, 
and  c  are  arranged  on  the  base  of  the  switch  so  that  the  f^ee  ends  of  the 


Fig.  18. 


Fig.  19. 


bars  B  and  Bi  may  rest  either  on  a  and  b,  as  shown  by  the  full  lines,  or  on  b 
and  c,  as  shown  by  the  dotted  lines.  The  line  is  connected  to  the  terminals 
T  and  Ti,  and  the  motor  armature  between  a  and  b,  or  vice  versa,  a  and  c 
being  connected  together. 

When  the  switch  is  in  the  position  shown  by  the  full  lines,  T  is  connected 
to  a  by  the  bar  B,  and  Ti  to  6  by  the  bar  Bu  If  the  switch  is  thrown  by 
means  of  the  handle  H  into  the  position  indicated  by  the  dotted  lines, 
ri8  connected  to  6  by  the  bar  B,  and  Ti  to  a  by  the  bar  Bi  and  the  connection 
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between  e  and  a.    The  direction  of  the  current  through  the   motor 
armature,  or  whatever  circuit  is  connected  between  a  and  b,  is  thus  reversed. 
In  order  to  reverse  only  the  current  in  the  armature,  the  reversing  switch 
must  be  placed  in  the  armature  circuit  only.    Fig.  21  represents  the  connec- 
tion for  a  reversing-Bhunt  motor  (a)  and  a  reversing- 
series  motor  (6);  +  and  —  are  the  line  terminals;  j(, 
the  starting  resistance;  B  and  Bu  the  brushes  of  the 
motor,  and  F,  the  field  coil  of  the  motor.    Some  man- 
ufacturers combine  the  starting  resistance  and  revers- 
ing switch  in  one  piece  of  apparatus. 

In  connectincr  up  motors,  some  form  of  main  switch 
is  used  to  entirely  disconnect  the  motor  ftom  the  line 
when  it  is  not  in  use. 

To  prevent  an  excessive  current  from  flowing 
through  the  motor  circuit  from  any  cause,  short  strips 
of  an  easily  melted  metal,  known  as  fmtt,  mounted  on 
suitable  terminals,  known  as  futo  boiM,  are  placed  in 
the  circuit.  These  frises  are  made  of  such  a  sectional 
area  that  a  current  greater  than  the  normal  heats 
them  to  such  an  extent  that  they  melt,  thereby  breaking  the  circuit  and 
preventing  damage  to  the  motor  from  an  excessive  current.  The  length 
of  fUse  should  be  proportioned  to  the  voltage  of  the  circuit,  a  high  voltage 
requiring  longer  fuses  than  a  low  voltage.  In  order  to  prevent  an  arc  being 
maintained  across  the  terminals  when  the  rase  melts. 

If  desired,  measuring  instruments  (ammeter  and  voltmeter)  may  be 
connected  in  the  motor  circuit,  so  that  the  condition  of  the  load  on  the 
motor  may  be  observed  while  it  is  in  operation.  All  these  appliances, 
regulating  resistance,  reversing  switch,  ftises,  instruments,  etc.,  are  placed 


Fig.  20. 


Fig.  2L 

inside  the  main  switch;  that  Is,  the  current  must  pass  through  the  main 
switch  before  coming  to  any  of  these  appliances,  so  that  opening  the  main 
switch  entirely  disconnects  them  from  the  circuit,  when  tt^y  may  be 
handled  without  fear  of  shocks. 


ALTBRNATINQ-OURReNT  DYNAMOS. 

An  alternating-current  dvnamo  is  one  that  generates  a  current 
that  periodically  reverses  its  direction  of  flow.  It  was  shown  in 
connection  with  Fig.  10  that  an  armature  provided  simply  wit|i  collector 
rings  produced  an  alternating  current  in  the  outside  circuit  This 
current  may  be  represented  by  a  curve  such  as  that  diown  in  Fig.  22. 
The  complete  set  of  values  that  the 
current  or  E.  M.  F.  passes  through 
repeatedly  is  known  as  a  oyole.  For 
example,  the  values  passed  through 
during  the  interval  of  time  represented 
by  the  distance  ac  would  constitute  a 
cycle.  The  set  of  values  i)assed 
through  during  the  interval  ab  is 
known  as  an  alternation.  An  alternation  is,  therefore,  half  a  cycle.  Tli« 
number  of  cycles  passed  through  per  second  is  known  as  the  freqmmev  of  tiie 
current,  or  E.  M.  F. 

Altematiuff-current  dynamos  are  now  largely  used  both  for  lighting  and 
power  transmission,  especially  when  the  transinission  is  over  long  distances. 
The  reason  that  the  alternating  current  is  specially  suitable  for  longHllstance 
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work  U  tbM  It  maybe ittUH 
We  have  already  nen  (hat  In 
the  line,  a  hlshllne  preHora 
tolta  oaonot  be  readuy  genen 
troubles  that  are  likelr  10  arl 
other  hand,  an  alternator  req 
.,... . . 'aiUU 


, J  1»  madeW 

dune.  AlUTiiaton  are  now  o 
direct!;.  If  a  MUl  higher  pi 
obtained  by  the  nse  u  tram 
that  where  power  to  lo  be  Can 
la  indlajMuable, 

Altematliig^nirTeat  dyna: 


Jii  Induced,  1>  the  reTolTlng 
member.    Fl^.  23  shows  a 

a  leal   alternator  of  the 
thriven  type,  havlDK  a 

not  nnllEe  a  dlrect-carrent 
machine  aa  regardilM  gen- 
eral appearanee.  The 
□umbei  ot  poles  la  usually 
large.  In  order  to  secnie 
the  reqalred  Itequency 
without  nianlnx  the  m^ 
chine  at  a  hlih  rate  of 
speed.  The  treqnenolei 
mat  with  In  practice  Tary 
all  the  way  from  2G  to  160. 
The  blshec  freqnencles 
are,  howevei,  passing  out 
of  uae,  and  at  preaent  a 
frequency  of  SO  ta  very 
common.   This  frequency  la  < 

poees.   When  maoblne 

'"«—  higher  D 

'mined  wh 

Fteqnenejr  >-  ■ 

Pot  example.  If  an  elght-pi 

the  f^nency  would  be 

/-|x 

Alternalon  may  be  dividi 
phase  alternators;  (b)  Multlp 

(a)  SInils-PliiH  Aitaraston 
generate  a  single  alternating  < 
STg.  22).  The  armature  is  p: 
termlnola  are  brought  out  Co  c 
phase  machines  luiTe  been  l 
they  ore  gradually  being  re] 
rfngle-pbase  machines  are  n 
current  motors. 

(K)  MvhIpbMS  Utataitors.- 
dellver  two  or  more  altematii 
cnrrenl  Is,  say,  at  its  inaitlmi: 
value.  This  la  accompllahed 
distinct  windings  which  an 
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tolta  mazlmam  TBlae  at  a  later  Inituit  tluo  the  carrent  in  the  flitt  nliia- 
Ids.    Id  Imotioe,  the  two  tn>c*  of  mulUi^iue  altenwlot  mon  oommoDt; 


iaeA  are  (1)  tw»i>haae  altematon  (2) ^ 

Im-lbu*  iltirutiri  are  maolunea  that  deliver  two  alteniating  gditi. 

that  ester  in  phaie  b;  one^uailer  of  a  complete  cfcle;  L  e,,  when  ili« 
cnrrenl  Id  one  circuit  la  at  lu  maximum  value,  the  oiureot  lb  the  other 
drcnlC  is  pBadng  through  IMiero  value.  By  tapiangiOurequldlatantpainta 
of  a  r^vlar  lios  annatnie,  as  >hown  Id  Fig.  34,  aod  coDDecnng  these  poltiU 
to  IbDi  collector  rlnga,  a  Bimple  two-pole  two-pbue  alternator  Is  obtained. 
One  clrcolE  conneoli  to  rlugs  1  and  1',  the  other  circuit  oonaecta  to  rlngi 
t  and  r.  It  IB  eulty  leen  ftom  the  figure  that  when  the  part  of  the  winding 
oonnecled  to  one  pair  of  ritigs  li  in  ile  podttiHi  of  mtbdmum  action,  the 
E.  U.  F.  In  tlie  other  colla  Is  aero,  Ibui  glrtng  two  cuireDla  in  the  two 
different  dnmlte  that  dlflbr  Id  phase  bj  OD&^nartei  ofacjcle  oi  one-half 
an  alternation. 

ThrM-phut  iltarnitari  are  machines  that  deliver  three  currenta  that  dllfer 
in  phase  by  one-third  of  a  complete  c; cle;  1.  e.,  when  one  current  la  Bowing 
In  one  direction  in  one  circuit,  the  currents  In  the  other  two  circuits  areone- 
half  u  great,  and  are  flowing  In  the  opposite  direction.  By  tapping  three 
egnldlstant  poitits  oF  a  ring  winding,  as  ahoivn  Id  Fig-  26.  a  ilmple  thrae- 
phase  two-pole  alternator  la  obtained.    Three  mains  lead  fttaa  the  collecting 

In  order  to  have  three  distinct  circuits,  it  would  ordinarily  be  necessary 
to  have  six  collecUng-  rings  and  sii  circuits:  but  this  is  not  nrrnmarr  In  a 
three-fhase  machine  if  tSe  load  is  balanced  in  the  three  diflSrent  drcuila, 
because  one  wire  can  be  made  to  act  atteraatcly  (Or  the  return  of  the  other 


JSSiiJ 

operauS.    By  using  muItTphase  inacUnes,  moton  can  be  opecaUd  that  wm 


Ut»  >f^  Naltlptsig  AlUrnatPri^— MuMphase  alternalora  arc  coming 
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has  to  be  brought  up  to  speed  from  some  outside  source  of  power  belbre  It  can 
be  made  to  run.  For  this  reason,  such  machines  ate  used  for  the  Opemtloi] 
of  modern  power-transmlsBlun  plants.    As  far  as  the  general  appearance  of 


.je-phase  machines  goes,  they  are  similar  to  oittlnarj  sln^e-phas 

■tors,  the  only  dlfi^rence  being  In  the  annature  winding  and  the  laroer 
imber  of  collector  rings.  The  multiphase  allemalorls  also  adapted  nir 
le  operation  of  Uc^ts.  so  that  by  using  these  macblnea.  both  lights  an' 


motoTB  may  be  operated  traia  the  same  plant    They  are  welt  adapted  for 

power-transmisslon  purposes  In  mines,  especially  for  the  operati ' 

Ing  and  hoisting  machinery,  beeauae  the  motors  0]>cratM  by  tb 


especially  for  the  operation  of  pump- 

...„ „ __  .Be  motors oi>crated  by  themi 

almple  la  construction  and  therefore  not  liable  to  get  out  of  oidCf. 


with  the  cc 


L)  SyiMlirariBia  siotort  are  almost  Identical,  so  &r  ai 

the  corresponding  alternator.    ""- '-  -  •- — 

BMtor  would  be  oonitiucted  In  U 
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«  called  lyiichioiiaiu  molon  bec&um  the;  alwsy*  mn  In  nticbto- 
r  in  step,  wllh  the  (Utematoi  driving  llieiii.    Thli  meanB  tiuit  the 

It  Uia  ume  frequeucT  u  the  alEemator,  and  tf  the  moloi  had 

unber  of  polea  ai  tbe 


„    a  where  the 

amounCa  of  power  to  be  transmitted 
are  oomparatively  large  and  where 
the  motor  doea  not  have  to  be 
started  and  (topped  ^Vj^^- 


Hnltlphaae  ajmchioD 

Btart  up  from  rest  and _, 

BTnchionoaa  apeed  without  aid  In 


an;  oatdde  saorae.  The;  will  not, 
however,  Mart  with  a  strong  starting 
torque  or  eCtbrt,  and  will  not,  there- 
fore, start  ap  under  load,  and  can- 
not be  used  In  plaoei  where  a  strong  I 
starting  eSMt  la  required.  Forthfi 
resann  synchronODB  motors  are  not 
suitable  for  intermittent  work. 

(b)  litootlaa  aiattra  are  bo  <^led 
beoauae  the  current  Is  Induced  In  the 

anaatnreinneadof  being  led  Inloilfrom  SO— .  „.   .  . 

a  typical  Induction  motor.    There  ate  two  essenttal  garts  in  theee  machines, 
vU.,  the  fdd,  into  which  multlphaae  currenw  are  lei 
armature.  In  which  currents  are  Induced  by  the  m 
Held.    Either  of  these  parts  may  be  the  (tatloaaiy  pi 

in  most  cases  the  field,  or  port  that  Is  connected  t ■•"-:^ '- 

Fig.  27  shows  the  conBtnictfon  of  the  stationary  member  or  Held.   This  oon- 
flists  of  a  number  gf  Iron  lamiuatlons,  built  up  to  form  a  core  and  provided 
with  slots  around  the  inner  perttiiery.   The  lOrm-wound  coils  constituting 
the  field  winding  are  placed  in  these  slots  and  connected  to  the  mains.    IMb 
winding  la  arranged  in  the  same  way  as  the  atmature  winding  of  a  multi- 
phase alteraalor.    When  the  alleniafing  currents  differing  in  pTiass  are  sent 
ihronirh  the  wlndlnir.  magnetic  nolea  are  formed  at  equidistant  polnta  around 
theperlpheryof  the  field,  and 
the  constant  changing  of  the 
currenia  cauaea  these  poles  to 
Ihillamnnd  the  ring,  thus  set- 
ting up  what  Is  known  as  a 
revolving  magnetic  field.  This 
armature.  Fig.  2S,  consists  of  a 
laminated  lion  core  provided 
with  a  number  of  slots,  tneoch 
of  which  la  placed  a  heavy 
copper  bar  h.      The  ends  of 
these  bars  am  nil   cnrnfiptwi 


number  of  oImm 

circuits.  When  such  an  arms- 
tore  Is  placed  In  the  revolv- 
ing field,  the  magnetism  will 
I    cut  across  (he  armature  con- 
I    ductora.   Inducing  E.  M.  F.'a 

lots  are  Joined  up  Into  closed 
circuits,  currenia  will  Bow  In 
them.  These  currents  will 
be  Ibrced  to  revolve.    Such  an 

--. nism,  because  If  It  did.  It  would 

revolTO  jnstaittetastbe  magnetic  field,  and  there  would  be  no  cutUngol 


DruAiros  akd  motosx 


Unea  of  fbrce.   The  speed  dronBll^tlrftom  noli 

motor  U  well  deslBiied,  this  UliDg  oirfn  apeed  li  B 

IndHcllon  moun  poeaess  menr  ndnmages  fOi 


load  to  fan  lo^bnlirtho 


slm  ver7  dmple  in  eoiutnictloii, 
and  aie  therelbre  not  liable  to 
get  ant  of  otdet.  Tbey  liaTe  an 
additional  adTaotage  over  the  B711- 
-' "a  In  that  they  Mart 


■  taoag  starting  « 


and,  in  fcot,  I ._ 

"";e  any  good  ihnot-votuid 

kinds  of  stationary  work,  BQoh  ai 
pmnpinK,  holKlng,  etc..  but  so  fu' 
have  Din  been  nsed  to  any  gnat 
extent  tor  haulage  purposes. 
When  these  motors  aie  osed  for 
pnrposes  Where  a  variable  n>eed  is 
required.  It  la  cnstonuur  to  pn>- 
armatnre  with  a  winding  similar  to  that  of  the  field  and  bring  out 
lirmla  to  collecting  rings,  so  that  reslMance  may  be  ' "-''  '-  "— 

tHANSFOflMXRS. 
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«  Inserted  In  U 


..    Ttiese  COIlB  are  entirely  distinct,  hi 

One  of  these  coUa.  called  the  primarj 

coll,  callPd  the  Kcondaru,  is  coiuiecl 

sred.    Fig.  29  ehows  the  artangeti 

"  "    " ion  type  of  tran^rr 


ondary.  C  Is  the  core. 
built  up  of  thin  iron 
pislee.  Fig.  30  showa  a 
weather-proof  caflt^ron 
case  Ibr  thla  tranafOrmer. 
When  a  canenl  ts  sent 
through  the  primary  It 


LVlng  no  connectioa 
,  is  connected  to  the 
ed  to  the  circuit  to 
ent  of  colli  and  core 
icT.  The  eeeondary 
nd  the  primary  coll, 


ting  E.  M.  F.  in  the  sec-  „ 

ondary,  and  thia  second-  ^10-  30- 

ary    £.   U.  F.    depends 
npontbennmberof  tnma  In  the  secandary  colt.    If  the  secondary  tarns  are 
greater  than  the  prlmai?,  the  secondary  E.  U.  F.  will  be  higher  than  that 
of  the  primary.    The  relation  between  the  primaiv  E.  U.  F.  and  aeoondary 
E.  H.  f:  Is  given  by  the  following: 


Secondary  K  M.  P.  ^  primary  E.  M.  F.  X 


SMond«rj  E.  U.  P.  3.  " 


BecoiHluy  turns 


Ijuim  fHlKHl 


tlonwouldbe'JDto  I, 

and  the    secondary 

voltage  would  be  one-twentieth  that  otthe  primarr. 
TrsmfbrnieTB  ue  made  for  a  number  of  alfferent 
ratios  of  translbmialloa,  the  more  cotauaon  ones 
being  10  to  1  or  20  t«  1.  Of  course,  a  iraneformer 
nsTer  giyei  out  iiuUe  as  much  power  ftom  the  sec- 
ondary  as  It  takee  In  from  the  prlmar;  mains, 
benause  there  ig  always  some  loss  m  the  iron  core 
and  lu  tbe  wire  making  up  the  coils.  The  efflclency 


pfmnnnn         nnnnppn 


jUn^and 


ti  as  «7)t  or  «H  In  th* 


a  constant  primaiy 

L>i»a  imuBiiiiiucni  KuuiievHM  "u»  dinglejhaBe  circuit, 
mnectlon  for  a  two-phase  circuit,  and  Pig.  33  shows 


a  three-phase  circuit. 

ELECTRIC  SIGNALING. 


Ittterlaa  are  used  for  various  purposes  In  conneoUon  with  mining  work, 
piinclp^ly  for  the  operation  of  bells  and  rigrml", 
The  LeOotKht  cell  la  one  tliat  Is  widely  used  lOr  ' 
liell  and  telephone  work.    It  is  made  in  two  oi 
three  different  fbrms, 
one  of  the  most  com- 
mon of  these  being  as 
shown  In  Fig,  Mja). 


other  elecbwle  ts  a  car- 
bun  plate  placed  In  a 
porous  cnp  and  snr- 
Tonnded  with  black 
oilde  of  manganese, 
ml  led  with  cmBhcd 
ooke  or  carbon.  The 
electrolyte  used  Id 
the  battery  Is  a  satura- 
ted soluiloQ  Of  nl 
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ammoniac.    The  E.  M.  F.  of  this  cell  is  about  1.48  yolts  when  the  cell  is  in 

food  condition.  In  another  form  of  the  cell,  known  as  the  Qonda  type,  the 
lack  oxide  of  manganese  is  pressed  into  the  form  of  bricks  and  clamped 
against  each  side  of  the  carbon  plate  by  means  of  rubber  bands.  This  cell 
will  do  good  work  if  it  is  only  used  intermittently,  i.  e.,  on  circuits  where 
the  insulation  is  good  and  where  there  is  no  leakage  causing  the  cell  to  give 


M 


'^' 


FlO.  35. 


Fig.  86. 


out  current  continuously.    If  current  is  taken  ftom  it  for  any  length  of 
time,  it  soon  runs  down,  but  will  recuperate  if  allowed  to  stand. 

In  cases  where  the  insulation  is  apt  to  be  poor,  as  it  often  is  in  mines, 
it  is  best  to  use  a  battery  that  will  stand  a  continuous  delivery  of  current  and 
that  will  at  the  same  time  operate  all  right  on  intermittent  work  or  on  work 
where  the  circuit  is  open  most  of  the  time.  For  work  of  this  kind,  cells  of 
the  Edia&n-Lalande  or  Gordon  type  are  excellent.  Fig.  34  (&)  shows  the 
Edison-Lalande  cell.  The  elements  consist  of  two  zinc  plates  Z,  hung  on 
each  side  of  a;  plate  of  compressed  cupric  oxide  C.  The  electrolyte  is  a  satu- 
rated solution  of  caustic  potash,  and  this  should  be  kept  covered  with  a 
layer  of  heavy  paraffin  oil,  to  prevent  the  action  of  the  air  on  the  solution. 
The  voltage  of  the  cell  is  only  .7  volt,  but  its  internal  resistance  is  very  low 
and  its  current  capacity  correspondingly  large.  The  electrolyte  used  in  the 
Gordon  cell  is  also  caustic-potash  solution,  and  the  two  cells  are  much  the 
same,  so  far  as  their  general  characteristics  are  concerned.  The  table  on 
page  231  gives  data  relating  to  a  number  of  different  types  of  cell. 


BELL  WIRINQ. 

The  timpio  boll  circuit  is  shown  in  Fig.  35,  where  p  is  the  push  button,  b 
the  bell,  and  c,  c  the  cells  of  the  battery  connected  up  in  series.  When  two 
or  more  bells  are  to  be  rung  from  one  push  button,  they  may  be  joined  up 


f¥ 


m 


B 


^n 


i 


Fig.  38. 

in  parallel  across  the  battery  wires,  as  in  Fig.  87  at  a  and  b.  or  they  may  be 
arranged  in  series,  as  in  Fig.  36.  The  battery  B  is  indicated  in  each  dian^am 
by  short  parallel  lines,  this  being  the  conventional  method.  In  the  parallel 
arrangement  of  the  bells,  they  are  independent  of  each  other,  uid  the 
failure  of  one  to  ring  would  not  affect  the  others;  but  in  the  series  grouping, 
all  but  one  bell  must  be  changed  to  a  single-stroke  action,  so  uiat  ^HSx 
impulse  of  current  will  produce  only  one  movement  of  the  hammer.  Tlie 
current  is  then  interrupted  by  the  vibrator  in  the  remaining  bell,  the  result 
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Fig.  39. 


•li*U(>Hv 
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HI 


Fig.  40. 


being  that  each  bell  will  ring  with  tall  power.  The  only  change  necessary 
to  produce  this  effect  is  to  cut  out  the  circuit-breaker  on  all  but  one  bell  by 
•  connecting 

the  ends  (m 
the  magnet 
wires  directly 
to  the  bell 
terminals. 

When  it  is 

desired  to 

ring  a  bell 

from  one  of 

two  places  some  distance  apart,  the 

wires  may  be  run  as  shown  in  Fig. 

38.    The  pushes  p,  j/  are  located  at 

the  required  points,  and  the  batterv 

and  bell  are  put  in  series  with  eacn 

other  across  the  wires  Joining  the 

pushes. 

A  single  wire  may  be  used  to  ring 
signal  bells  at  each  end  of  a  line,  the 
connections  being  given  in  Fig.  39. 
Two  batteries  are  required,  B  and 
f ,  and  a  key  and  bell  at  each  sta- 
tion.    The  keys  Jfc,  k'  are  of  the 
double-contact  type,  making  connections 
normally  between  bell  6  or  6'  and  line 
wire  L.    When  one  key,  as  I;,  is  depressed, 
a  current  from  B  flows  alone:  the  wire 
through  the  upper  contact  of  r  to  bell  1/ 
and  back  through  ground  plates  (T',  O. 

When  a  bell  is  intended  for  use  as  an 
alarm  apparatus, 
attachment  may  be 
closes  the  bell  circuit  through  an  extra 
wire  as  soon  as  the  trip  at  door  or  window 
is  disturbed.  In  the  diagram.  Fig.  40,  the 
main  circuit,  when  the  push  p  is  depressed, 
is  through  the  automatic  drop  d  by  way  of 
the  tenmnals  a,  b  to  the  bell  and  oatterv. 
This  current  releases  a  pivoted  arm  which, 
on  falling,  completes  the  circuit  between 
b  and  c,  establishing  a  new  path  for.  the 
current  by  way  of  c,  independent  of  the 
push  p. 

For  operating  electric  bells,  any  good 
type  of  open-circuit  battery  may  be  used. 
The  Leclanch^  cell  is  largely  used  for  this 
purpose,  also  several  types  of  drv  cells. 

Annunciator  Systam.— The  wiring  dia- 
gram for  a  simple  annunciator  system  is 
shown  in  Fig.  42.  The  pushes  i,  f ,  5,  etc. 
are  located  in  various  places,  one  side  being  con- 
nected to  the  battery  wire  6,  and  the  other  to  the 
leading  wire  I  in  communication  with  the  annun- 
ciator drop  correroonding  to  that  place.  A  bat- 
tery of  two  or  three  Leclanch6  cells  is  placed 
at  B  in  any  convenient  location.  The  size  of 
wire  used  throughout  may  be  No.  18  annuncia- 
tor wire. 

A  raturn-oall  system  is  illustrated  in  Fig.  41,  in 
which  there  is  one  battery  wire  b,  one  return 
wirer,  and  one  leading  wire  i.,i-,  etc.  for  each 
place.  The  upper  portion  of  the  annunciator 
Doard  is  provided  with  the  usual  drops,  and  below 
these  are  the  return-call  pushes.  These  are 
double-contact  buttons,  held  normally  against 
the  upper  contact  by  a  spring.     When  in  thii 


a  constant-ringing 
introduced,  which 
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le  palb  o(  the  CDirent  In 
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ft  ivltcb  outlnto  tUimaln  dccnitftt 


PSOBPXCTISS. 

each  lerel  of  the  mlii«a. 

of  the  >witch,thB  llghWoL 

at  once,  and  bj  ■  properly  unutged  code  o: 


A  syBtcm  of  wl grueling 
by  which  slgaalB  con  be 
■ent  to  the  engine  rcxim 
from  u)T  polntaloDg  the 


ifjn™      Fia.  C. 


.   The  conducloR  a  uhI  b,  leading  (rom  the  batter; 


together  ■  AgnM^^  ie  sent. 

d  with  Indicatois, 


When  the  engineer  hauls  from  dUltorent  roads,  the  dgnal- 
[ngayaleinihonldbeiuppleineDted  wlthlndicatois,  >o  that 
when  the  bell  rings  the  lodlealor  woald  show  fVom  which 


n  of  tract  1h  occupied  by  ft 


in  Fig.  48.   niilte  lights  Indicate  a  clear  track  and  dark- 
ness BD  ooenpled  section.    A  dnglfr«enter  binge,  doable- 
bandle  switch  at  each  signal  station  Is  used  and  a  touch  of      Fio.  46. 
the  handle  throws  the  imtch  io  Uie  desired  direction.  ""-  ~ 


■witch  Is  Inclined  towMd  either  the  trolley  or  r<Sl-l«mlnal  pjug. 


PROSPECTING. 

The  prospector  should  have  a  general  knowledge  of  the  mineral-bearing 
strata,  and  abould  know  trom  the  nature  of  the  lodges  eiposed  whether  to 
expect  to  And  mineral  or  not.  He  should  alsopoEaeasaucb  a  knowledge  of  the 
use  of  loola  as  will  enable  him  lo  construct  simple  structures,  and  asuiBcient 
experience  In  blacksmlthing  to  enable  him  lo  sharpen  picks  and  drills,  or 
to  set  a  horseshoe,  If  aecemary. 

Ostftl  is«tis*r|.— The  characier  of  the  proapectinR  being  carried  on  will 
have  condderable  effect  on  the  outfit  ueceEsary.  which  should  alusysbe  as 
simple  «■  poatlble.  In  general,  wben  operating  In  a  settled  country,  the 
oulflt  is  as  RiUowK  A  compass  and  clinometer  for  determining  the  dip  and 
strike  of  tlie  various  measures  encountered;  a  pick  and  shovel  for  excavating. 
and.  wh«e  rock  Is  Uable  to  be  encountered,  a  set  of  drills,  hammer,  spoon 
ft>r  cleaning  the  hole^  tamping  stick,  powder  and  fuse,  or  dynamite  lUse 
andcSF^  a  Blowidpe  outfit;  a  small  magnHJing  glass;  an  aneroid  baromeler 
fbt  deMnnlnlng  derations,  and  a  pmall  band  pick;  the  latter  should  weigh 
abont  II  lb.,  and  diould  bave  a  pick  on  one  end  and  a  square-faced  ham- 
fner  on  the  other,  the  handle  being  from  12  to  14  In.  long. 

If  llie  region  under  considerauon  has  been  settled  tor  some  time,  there 
will   prabablr  be  geological,  county,  railroad,  or  other  maps  av^lable- 


r 
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These  may  not  be  accurate  as  to  detail,  but  will  be  of  great  assistaiice  In  th€ 
work  on  account  of  the  fact  that  they  give  the  course  of  the  railroads, 
streams,  etc. 

When  operating  in  a  mountainous  region,  away  from  a  settled  country, 
and  especially  when  searching  for  precious  metals,  the  following  materials, 
in  addition  to  that  alreadv  mentioned,  may  be  required:  A  donkey  or  pony 
packed  with  a  couple  of  heavy  blankets,  an  A  tent,  cooking  utensils,  etc.;  a 
supply  of  flour,  sugar,  bacon,  salt,  baking  powder,  and  coffee,  sufficient  for 
at  least  a  month,  it  is  also  well  to  take  some  fruit,  but  all  fruit  containing 
stones  or  pits  should  be  avoided,  as  they  are  only  dead  weight,  and  every 
pound  counts.  For  the  same  reason,  canned  goods  should  be  avoided,  on 
account  of  the  large  amount  of  water  they  contain.  A  healthy  man  will 
require  about  3  lb.  of  solid  food  per  day.  Many  prefer  to  vary  the  diet  by 
taking  rice,  com  meal,  beans,  etc.,  in  place  of  a  portion  of  the  flour. 

The  additional  tools  necessary  are  an  ax,  a  pan  for  washing  gold  ore, 
making  concentrating  tests,  etc.,  and,  in  some  cases,  an  assay  fUmace 
and  outfit  packed  upon  another  animal.  Where  game  is  abundant,  a  shot- 
gun or  rifle  will  be  found  useflil  for  supplying  firesh  meat.  In  regions 
abounding  in  swamps  it  becomes  necessary  to  oi>erate  from  canoes,  or  to 
take  men  for  porters  or  packers,  who  carry  the  outfit  on  their  backs  or 
heads.    These  men  will  carrv  from  60  to  125  lb. 

PItn  of  Optrttions.— When  the  presence  of  mineral  is  suspected  in  a  tract 
of  land,  a  thorough  examination  of  the  surfkce  and  a  study  of  •the  exposed 
rocks,  in  place,  ma  y  result  in  its  immediate  discovery,  or  in  positive  proof 
of  its  absence;  or  it  may  result  in  still  ftirther  increadng  the  doubt  of,  or  the 
belief  that,  it  does  exist.  The  first  procedure  in  prospecting  a  tract  of  land 
is  to  thoroughly  traverse  it,  and  note  caref\illy  any  stains  or  traces  of  smut, 
and  all  outcrops  of  every  description;  and,  wnenever  possible,  take  the  dip 
and  the  course  of  the  outcrop  with  a  pocket  compass.  Any  fossils  ^ould 
also  be  carefully  noted,  to  assist  in  determining  the  geolo^cal  age  of  the 
region.  These  outcrops  are  frequently  more  readily  found  along  roads  or 
streams  than  anv  other  place  on  the  tract.  In  traveling  along  the  streams, 
the  prospector  should  pay  particular  attention  to  its  bed  and  oanks,  to  see 
whether  there  are  any  small  particles  of  mineral  in  the  bed  of  the  stream, 
or  any  stains  or  smut  exposed  along  the  washed  banks.  If  small  pieces  of 
mineral  are  found  in  the  stream,  a  search  up  it  and  its  tributaries  wUl  show 
where  tiie  outcrop  from  which  the  find  came  is  located.  When  the  ravines 
and  valleys  are  so  filled  with  wash  that  no  exposures  are  visible,  and  nothing 
is  gained  by  a  carefUl  examination  of  them,  the  prospector  must  rely  on 
topographical  features  to  guide  him. 

Any  gold  present  in  the  vein  material  usually  remains  in  the  fioat  as  fk^ee 
or  metallic  gold,  but  other  valuable  metals  are  often  leached  out.  The  f^t 
that  the  float  itself  may  be  barren  does  not  indicate  that  it  may  not  have 
come  from  a  very  rich  deposit,  and  hence  it  will  often  pay  to  follow  barren 
float,  since  the  outcrop  of  the  vein  itself  is  often  either  entirely  barren,  low 
grade,  or  of  a  different  nature  firom  the  deeper  deposits.  In  cases  where 
there  are  no  outcrops  or  anv  other  surface  indicaiions,  it  would  become 
necessary  to  sink  shafts  or  test  pits,  or  to  proceed  by  drilling. 

The  absence  of  any  indication  of  mineral  in  the  soil  mav  not  prove  that 
there  is  not  an  outcrop  near  at  hand,  for  the  soil  is  frequentlv  brought  flrom 
a  distance,  and  bears  no  relation  to  the  material  underlymg  it.  In  like 
manner,  glacial  soil  often  contains  debris  transported  fh>m  deposits  many 
miles  away;  but  such  occurrences  can  usuallv  be  distinguished  Dy  the  gen- 
eral character  of  the  associated  wash  material. 

Frequently,  the  weathered  outcrop  of  a  deposit  has  been  overturned  or 
dragged  back  upon  itself,  so  as  to  indicate  the  presence  of  a  very  Uiick 
deposit.  For  this  reason,  any  openings  made  to  determine  the  character  of 
the  material  should  be  continued  unal  the  coal  or  other  mineral  is  of  a  firm 
character,  and  both  floor  and  roof  are  well  exposed.  Sometimes,  in  the  case 
of  steeply  pitching  coal  beds,  the  surfieice  may  be  overturned  for  a  consider- 
able depth,  so  that  it  is  difficult  to  tell  which  is  the  roof  and  which  is  the 
floor,  usually,  if  Stigmarise  are  found  in  the  rocks  of  one  wall,  it  is  supposed 
that  this  wall  is  the  floor  of  the  seam,  while  if  Sigillarise,  fern  leaves,  etc.  are 
found  in  the  wall  rock,  it  is  probably  the  roof  of  the  deposit.  These  indi- 
cations are  not  positive  proof,  for  both  of  these  fossils  may  occur  in  either 
the  top  or  bottom  wall  of  a  coal  deposit,  though  they  are  usually  fbund  in 
the  positions  noted.  Coal,  clay,  gypsum,  salt,  etc.  usually  occur  in  unaltered 
deposits,  i.  e.,  in  rocks  that  have  not  undergone  metamorphism. 


He  uGompuirlng  Ub1«  gives  the  nsmesor  the  Tkrioni  geologlol  periodi; 
both  &8  they  occni  In  America  uid  their  fbralgu  equlvalcDts.  togettier  with 
the  nuoe  of  the  |alaclpal  ibrm  of  life  dnrinic  each  period,  file  vuloua 
teniuemploTedlD  geology  are  defined  in  tbegloMU'r. 


r 


2S8  PROSPECTim. 

Metals  and  metallio  ores  usually  occur  in  rocks  that  hare  undergone 
more  or  less  metamorphism.  This  change  may  have  been  accompanied  by 
heat  and  Tolcanlc  disturbances  sufficient  to  render  the  rooks  tnoroughly 
crystalline,  or  it  may  simply  have  been  the  converting  of  limestone  Into 
dolomite. 

The  prospector  for  metals  usually  avoids  regions  in  which  the  rocks  have 
been  wholly  unaltered;  while,  on  the  other  hand,  a  region  covered  by 
extensive  flows  of  basalt  is  generally  barren.  As  the  vein  filling  of  most 
metal-bearing  deposits  has  been  deposited  from  circulating  water,  it  stands 
to  reason  that  i)orous  rock  formations  are  more  favorable  u>  the  occurrence 
of  metallic  ores  than  are  hard,  dense,  rock  formations.  As  a  rule,  ore 
deposits  are  more  common  at  the  junction  of  two  dis^milar  rook  formations, 
as,  for  instance,  the  contact  between  limestone  and  porphyry. 

When  a  prospector  is  operating  in  any  particular  region,  it  is  best  to 
study  carefully  the  conditions  of  that  rc^on  before  proceeding,  as  such 
fSftCtors  as  lack  of  rain.  fh>2en  ground,  etc.  may  have  played  an  important 
part  in  determining  tne  character  of  placer  or  firagmentaiy  deposits,  and 
the  outcrop  and  sunace  appearance  of  other  deposita  Experience  obtained 
in  one  region  is  frequently  very  misleading  when  applied  m  another. 

Coil  sr  Boddsd  Mittriils.— Tne  presence  of  the  outcrop  of  any  bed  may 
often  be  located  by  a  terrace  caused  by  the  difTerence  in  the  hardness  of  the 
strata;  but  as  any  soft  material  overlaying  a  hard  material  will  form  a  ter- 
race,  it  is  necessary  to  have  some  means  of  distinguishing  a  coal  or  ore 
terrace  from  one  caused  by  worthless  material.  Usually,  me  outcrop  of  a 
coal  terrace  will  be  accompanied  by  springs  carrying  a  greater  or  less  amount 
of  iron  in  solution,  whicn  is  depcmted  as  ochery  films  iipon  the  stones  and 
vegetable  matter  over  which  the  water  flows.  Tne  outcrops  of  beds  of  iron 
or  other  ores  are  very  frequently  marked  by  mineral  spnngs.  Sometimes 
the  outcrop  of  a  bed  will  oe  characterized  by  a  mark^  difference  in  the 
vegetation,  as,  for  instance,  the  outcrop  of  a  bed  of  phosphate  rock  by  a 
luxuriant  line  of  vegetation,  the  outcrop  of  a  mineral  bed  by  a  lack  of 
vegetation,  the  outcrop  of  a  coal  bed  contained  between  very  hard  rocks 
by  more  luxuriant  vegetation  than  the  surrounding  country,  etc.  Some 
indication  as  to  the  dip  and  strike  of  the  material  composing  the  bed  may 
be  obtained  by  examining  the  terrace  and  noting  the  deflections  from  a 
straight  line  caused  by  the  changes  in  contour  of  the  ground.  If  the  varia- 
tion occasioned  by  a  depression  is  toward  the  foot  of  the  hill,  the  bed  dips  in 
the  same  direction  witn  the  slope  of  the  ground;  but  if  the  deflection  is 
toward  the  top  of  the  hill,  the  dip  is  the  reverse  from  the  dope  of  the 
ground,  or  into  the  hill.  After  any  terrace  or  indication  of  the  outcrop  of  a 
bed  has  been  discovered,  it  will  be  necessary  to  examine  the  outcrop  by 
means  of  shafts,  tunnels,  or  trenches.  The  position  of  such  openings  will 
depend  on  the  general  character  of  the  terrace.  If  the  dip  appears  to  be 
with  the  hill,  a  trench  should  be  started  below  the  terrace  and  continued  to 
and  across  it;  while  if  the  dip  appears  to  be  into  the  hill,  it  may  be  best 
to  sink  a  shallow  shaft  above  the  terrace. 

Formations  Liktiy  to  Contain  Coil.— No  coal  beds  of  Importance  have  as  yet 
been  found  below  the  Carboniferous  period,  but  coal  may  be  looked  for  in 
any  stratified  or  sedimentary  rocks  that  were  formed  after  this  period, 
although  the  bulk  of  the  best  coal  has,  up  to  the  present  time,  been  found 
in  the  Carboniferous  period.  As  a  rule,  highly  metamorphic  regions  con- 
tain no  coal,  and  the  same  may  be  said  of  regions  composed  of  volcanic  or 
igneous  rocks.  An  examination  of  the  fossils  contained  in  the  rocks  of  any 
locality  will  usually  determine  whether  they  belong  to  a  period  below  or 
above  the  Carboniferous,  and  hence  whether  there  is  a  probability  of  the 
formations  containing  coal.  On  account  of  this  fact,  the  prospector  should 
familiarize  himself  with  the  geological  periods,  and,  by  referring  to  any 
elementary  geology,  with  the  most  common  fossils  of  tne  various  periodis. 
The  rocks  most  common  in  coal  measures  are  sandstones,  limestones  shale, 
conglomerates,  fireclays,  and,  in  some  localities,  the  coal  deposits  are 
freauently  associated  with  beds  of  iron  ore. 

Ort  dtposits,  as  is  well  known,  are  generally  found  in  mountainous 
districts,  rather  than  in  the  undisturbed  horizontal  strata  of  the  plains  and 
mountain  parks— usually  deep  in  the  core  and  cent^  of  the  mountain 
system,  rather  than  along  their  fianking  foot-hills.  Consequentiy,  not  only 
are  the  prairies  and  flat  portions  of  the  mountain  parks  to  be  avoided,  but 
also  the  zone  of  uptilted  strata  on  the  edges  of  prairies  and  parks,  commonlv 
called  hogbacks.    These  hogbacks  are  the  natural  "habitat"  of  snea. 


oxiDSPoarxB. 


oommouly  found 
the  Rocky  Moum 


mclEs,  and  erupUoDi  oT  toIckiuc  m 

Ab  a  brood  aasertlon,  we  may  «■;  (hat  the  Bi«ater  part  of  any  mimntalD 
regloa  Is  a  proqiectliis  field,  with  the  exception  of  those  areaa  we  bave 
restricted  w  unpramlt^g.  But  over  thlsnlde  area  of  more  oi  len  metamor- 
phosed and  cryitalllne  locka,  there  are  i^ons  and  localiUea  vhen  the 
piecloua  meiala  have  slrMdy  been  finind,  and  otben  where  on  seoloclcal 
grounds  they  are  moat  Ukety  yet  to  be  Ibnnd,  and  those  are  generaJly  wbere 
eruptlTe  forces  bave  been  eapedaJly  active,  wbere  once  molten  oupdve 
rDck«  are  most  abundant,  and  the  disturbance  and  cryBt&llliliig  of  Uiastrsla 
most  pronounced. 

"--'■' — '"-' ^d  On  Dspnit*. — Ores,  ass  rale,  are  to  be  looked  Ibr  af 


tbe  Junction  of  any  two  lUisiiiillaT  rociu,  rather  tban  In  the  mass  of  those 

rocks.    HowsTer,  there  are  miiiiy  eicepdc —  '~  "•* ' ■' '  - 

decximposed  dike  or  sheet  of  porphyry  baa  1 
gold-bearing  pyrites,  and  the  whole  rock  li 


mposed  dike  or  sheet  of  porphyry  has  Ijeen  impregnBted  by  free  gold  ( 
, , .u ,_^  ■}jU[, 


rocks.    Howeyer,  there  are  many  eicepdong  Is  this,  where 
J J  jii ..,,.  -•■Mrphyr-  ■■  — ■■ —  • --..j 

, , [ftrand  ; - 

ning  through  the  porphyry  masa.  Some  of  our  richest  gold  mines  are  found 
Id  ''lotteo,  decomposed,  oxidised  dikes  and  sheets  of  porphyry;  but  this  la 
rarely  the  case  with  l^d'SitTer  ores, 
which  frequent  rather  the  lines  of  eon- 
tact  In  limestones  or  In  fissure  veins  In 
granite.  The  Cambrian  qnartdtes  a  few 
years  •co'were  rather  avoided  by  the 
prospectors,  their  extreme  hardness  pre- 
■eDting  great  difficulties  In  mining,  and 
from  the  fact  that  they  were  generally 
supposed  to  be  barren.  The  late  discov- 
•  eries  of  very  rich  gold  deports  In  them, 
and  of  slnmar  deposlls  In  quartxltes  of 
a  later  age,  have  drawn  mora  attention 
to  thent.  The  gold  lias  been  found  In 
•  ftee  state  a(aoclat«d  witb  oxide  of  Iron 
no.  1.  In  cavemons  deposlls,  and  In  close  prox- 

imity to  eruptive  rocks,    in  tbe  granitic 
rocks,  both  gold  and  silver  occur  in  fissure  vdni  associated  with  pyrites, 

galena,  etc.    These  flasures,  occupied  by  mlneialiied  quart* — ' — 

K_  ., — ... Ig^  ^^ —  1.^  -.  .1 J — J  ..*  .1., 


'"'?a?i?'^- 


It  the  contact  of  ^ese  ro^  with  a 

uslnoreiflowsofTolcanic  lava  generally  fill  a  fissure  havlngamore 

S  Inclination,  penetnttng  the  lava  sheeta,  caused  prabably  by 
the  molten  lava  on  cooling.  These  fissures,  in  some  cases,  are 
likely  to  be  limited  In  depth  to  the  thiduteee  of  the  lava  sheet.  Where,ln  a 
tew  rare  cases,  the  flssure  has  been  traced  down  to  the  underlying  granite  or 
Bome  otliet  lock,  it  has  come  abruptly  to  an  end, 

Undsrtteaa'  Prsigaotlnt.— Frequently  a  seam  or  depodt  becomes  Itiulled 
or  pinched  out  underground,  and  it  Is  necessary  to  continue  tbe  search  by 
means  of  undergrotma  iHospecllng.  Underground  prospecting  Is,  to  a  lai^ 
extent,  sImllaT  u>  lurllaca  procpecdng,  tlie  underground  exposures  Iwing 
■Impty  additional  bees  Ibr  the  guidance  of  the  engineer.  In  the  case  of 
coal  lieds  or  similar  seams,  if  a  tuilt  or  dislooaUon  Is  encountered,  the  man- 
ner of  oarrylng  on  the  sdtrch  will  depend  on  the  chaiaeter  of  the  fault. 
Where  nnd  aJilla  or  naabouls  ara  encouDlered,  the  drift  or  untiy  should 
be  driven  (Urwarda  at  the  angle  of  the  WHon  udIU  the  continuation  of  the 
Ibfmatlon  la  encounlmed,  whui  a  little  examination  of  the  rocks  will  Indi- 
cate whether  they  are  tbe  underlying  or  overlying  measures.  In  the  case 
of  dlslocatlDns  or  throws,  the  connnuation  of  the  vein  may  be  looked  foi  by 
Saliiildt'*  law  ol  fsslts,  which  Is  as  fallows:  Aluavi  foUote  Uie  diredion  t^  th- 
.  ___■_     ,.  .__  ,. —  .., .  ..-.^ — ,gtf„n,v..  ._.v .„-.., 


(rreiilsst  uti^.    It  has  been  discovered  by  observation  that.  In  the  n 
of  caae^  the  hanging-wall  portion  of  the  fault  has  moved  down,  and 
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account  such  faults  are  commonly  called  ^wrmai  /auUs,  For  instance,  if  the 
bed  a  b.  Fig.  1,  were  being  worked  from  a  toward  the  fault,  upon  encoun- 
tering the  fault,  work  would  be  continued  down  on  the  farther  side  of  the 
fault  toward  d,  until  the  continuation  of  the  bed  toward  b  was  encountered. 
In  like  manner,  had  the  work  been  proceeding  from  b,  the  exploration 
would  have  been  carried  up  in  the  direction  of  the  greatest  angle,  and  the 
continuation  toward  a  thus  discovered.  A  reverse  fault  is  one  in  which 
the  movement  has  been  in  the  opposite  direction  to  a  normal  fkult.  Espe- 
cially in  the  case  of  precious  metal  mines,  where  the  material  occurs  as 
perpendicular  or  steeply  pitching  veins,  faults  are  liable  to  displace  the 
deposit,  both  horizontally  and  vertically,  in  which  case  it  may  be  difficult 
to  determine  the  direction  of  the  continuation  of  ^e  ore  body;  but  tte- 
quentiy  pieces  of  ore  are  dragged  into  the  fault,  and  these  serve  as  a  guide 
to  the  miner,  and  indicate  the  proper  direction  for  exploration.  Where  a 
bed  or  seam  is  faulted,  its  continuation  can  A*equently  be  found  by  breaking 
through  into  the  measures  beyond,  when  an  examination  of  the  formation 
will  indicate  whether  the  rocks  are  those  that  usually  occur  above  or  below 
the  desired  seam. 

Prospecting  for  PIsosr  Deposits.— Placers  are  fhtgmental  deposits  fh)m  water 
in  which  the  heavier  minerals  have  been  concentrated  in  certain  portions, 
usually  next  the  underlying,  or  bed,  rock.  The  materials  that  are  recovered 
ftom  placer  deposits  are  metallic  gold,  tinstone,  monazite,  sand,  or  precious 
stones.  Placer  deposits  are  modem  or  ancient.  Modem  placers  are 
deposits  of  washed  material,  or  debris,  in  the  beds  or  along  the  banks  of 
streams  that  are  either  now  in  existence  or  existed  in  comparatively  recent 
times.  Placer  deposits  may  also  occur  in  deposits  along  the  seashore. 
Ancient  placers  are  Aragmental  accumulations,  similar  to  the  modem 
placers,  which  have  been  buried  under  accumulations  of  strata  or  flows  of 
lava,  and  they  may  or  may  not  have  become  consolidated  into  rock. 

At  times,  placers  are  verv  compact,  owing  to  the  presience  of  large  quanti- 
ties of  oxide  of  iron  or  calcium  carbonate,  or  similar  cementing  material. 
Often,  in  the  case  of  modern  placers,  the  streams,  or  other  sources  of  water 
that  deposited  the  material,  nave  changed  their  course  so  that  the  placer 
deposit  is  now  high  up  in  the  benches  bordering  the  streams,  or,  imssibly, 
even  on  the  top  of  the  present  hills.  Such  deposits  are  commonly  called 
bench  deposits,  while  those  along  the  sides  of  the  streams  below  the  high- 
water  mark  are  called  bar  depwUa,  diggings,  or  placers. 

Frequently,  a  large  portion  of  the  gold  or  other  valuable  material  is 
found  in  pocxets  or  irregularities  in  the  bed  rock,  but  the  pot  holes  under 
water&Us  are  frequently  barren  of  gold,  on  account  of  the  fact  that  the 
current  there  was  sufficiently  swift  to  wash  everything  out,  ^ther  heavy  or 
light.  When  the  soil  is  saturated  with  water,  the  mass  may  partake  of  the 
nature  of  a  semifluid  through  which  the  heavy  particles  of  gold  settle  until 
they  accumulate  on  the  bed  rock. 

When  prospecting  for  placers,  the  miner  examines  the  country  for  any 
indications  of^  present  or  ancient  watercourses  in  which  the  deposits  of 
placer  material  have  been  formed.  He  pans  the  dirt  Arom  any  deposits  dis- 
covered, to  see  if  it  contains  colors  (small  particles  of  metallic  gold).  If 
colors  are  found,  more  extensive  operations  are  in  order,  and  hence  he 
sinks  to  bed  rock  and  examines  the  material  thoroughly,  to  see  if  it  contains 
a  paying  quantity  of  the  valuable  mineral. 

The  form  of  placer  deposit  in  dry  or  arid  r^ons  differs  fix>m  that  in 
regions  where  the  rivers  have  a  continuous  flow,  on  account  of  the  fieict  that 
the  deposits  are  largely  the  result  of  sudden  rushes  of  water  partaking  of  the 
nature  of  cloudbursts,  hence  the  rich  portions  in  the  placer  material  are 
very  irr^^lar,  and  are  rarely  situated  on  bed  rock,  but  are  usually  found  on 
any  strata  that  formed  the  bottom  of  the  ravine  during  the  sudden  rush  of 
water.  During  the  rainy  season  in  arid  regions,  the  sur&ce  soil  is  some- 
times softened  for  a  few  inches,  so  that  it  becomes  practically  a  mud,  and 
particles  of  gold  that  it  may  contain  tend  to  settle  to  the  bottom  of  the  soft 
portion,  thus  rendering  the  surface  barren.  This  barren  surface  may  be 
subsequently  washed  away  by  the  rain,  or  blown  away  as  dust  during  the 
dry  season.  The  repeating  of  this  process  year  after  year  results  in  the 
removal  of  considerable  of  the  original  surface  and  the  formation  of  a  rich 
stratum  Just  below  the  grass  roots.  Prospectors  in  arid  r^ons,  who  have 
been  used  to  operating  in  an  ordinarily  well-watered  country,  are  flrequently 
deceived  by  finding  this  rich  ground  so  high  up  in  the  deposit,  not  knowing 
that  it  is  no  indication  as  to  the  value  of  the  material  at  a  greater  depth. 
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In  many  cases,  In  the  arid  regions  the  portion  of  the  deposit  npon  bed  rock 
is  entirely  barren.  In  like  manner,  frozen  ground  may  play  an  important 
part  in  the  formation  and  distribution  of  the  values  in  placer  deposits. 

Ctms  tnd  prsoious  stonts  are  prospected  for  ih  a  manner  similar  to  that 
employed  in  searching  for  placer  material,  and  are  usually  found  in  alluvial 
deposits,  trom  which  thev  are  obtained  by  washing.  In  a  few  casea  sems 
are  found  in  the  rocks  themselves;  as,  for  instance,  diamonds  in  the  nard 
matrix  that  occurs  as  pipes  or  chimneys  in  metamorphic  rocks,  and  which, 
upon  exposure  to  the  atmosphere,  becomes  decomposed,  so  that  the  stones 
are  easily  removed.  Some  of  the  corundum  minerals  are  found  in  lime- 
stone and  metamorphic  or  crystalline  rocks.  Turquoise  usually  occurs  in 
veins,  the  outcrop  of  which  is  stained  with  carbonate  of  copper.  In  most 
cases,  it  does  not  pay  to  extract  gems  fVom  rock  formations  when  the  rock  is 
extremely  hard,  owini;  to  the  £act  that  the  gems  are  liable  to  become  broken 
in  separating  them  fh>m  the  rock  matrix. 

For  gem  prospecting,  the  following  outfit  has  been  recommended:  A 
shovel  and  pick;  two  sieves,  one  of  2  or  3  meishes  to  the  linear  inch,  and  the 
other  of  20  or  more  meshes  to  the  inch  (the  coarse  sieve  should  be  arranged 
to  fasten  on  top  of  the  finer  one  for  use  together);  a  tub  in  which  the  sieves 
can  be  submerged  in  water;  an  oilcloth  on  which  to  sort  the  gravel;  several 
stones  and  crude  gems  as  a  scale  of  hardness;  a  small  pocket  ma^:nifyinr 
glass,  and  a  dichroscope.  In  some  cases,  a  portion  of  the  outfit  is  dispensed 
with.  The  use  of  the  outfit  may  be  explained  as  follows:  The  tub  is  partially 
filled  with  water,  the  two  sieves  fastened  together,  and  a  shovelfiil  of 
material  placed  in  the  upper  one,  when  they  are  submerged  in  water,  the 
large  stones  cleaned  and  examined,  and  all  of  the  fine  material  worked 
through  the  upper  sieve,  which  is  then  removed,  the  material  on  it  examined 
and  disposed  of.  The  material  in  the  fine  sieve  is  then  washed  until 
ffee  firom  clay,  when  a  little  jigging  motion  in  the  water  will  carry  the 
lighter  material  to  the  top.  The  sieve  is  then  quickly  inverted  and  the 
material  dumped  out  on  the  oilcloth,  thus  bringing  the  heavier  stones  to 
the  top.  The  various  pieces  should  now  be  examined  with  the  magnifying 
glass,  scale  of  hardness,  etc.,  and  the  identity  of  any  doubtfUl  colored  gems 
settled,  by  means  of  the  dichroscope.  Few  precious  stones  are  of  sufficient 
specific  gravity  to  be  concentrated  in  distinct  beds,  like  gold  or  tinstone,  but 
tney  are  usually  fairly  well  concentrated  and  flreed  trova  much  of  the  lighter 
worthless  material. 

Vtlus  of  Free  Gold  per  Ton  of  Ore.— The  accompanying  table  was  prepared 
by  Mellville  Atwood,  F.  G.  8.,  and  its  use  may  be  explained  as  foUovvs* 
If  a  4-lb.  sample  of  quartz  be  crushed,  the  gold  separated  by  panning  and 

Value  of  Free  Gold  per  Ton  op  Ore. 
{Risdon  Iron  Works.) 


Weight, 
WarfiedGold. 

Fineness, 
780. 

Fineness, 
830. 

Fineness, 
875. 

Fineness, 
920. 

4-Lb.  Sample. 

Value  per  Oz., 
$16.12. 

Value  per  Oz,, 

Value  per  Oz., 

Value  per  Oz., 

Grains. 

$17.15. 

$18.08. 

$19.01. 

5.0 

183.97 

$89.36 

$94.20 

$99.05 

4.0 

67.18 

71.49 

75.36 

79.24 

8.0 

50.88 

53.61 

66.52 

59.43 

2.0 

83.59 

35.74 

37.68 

39.62 

1.0 

16.79 

17.87 

18.84 

19.81 

.9 

15.11 

16.08 

16.95 

17.82 

.8 

13.43 

14.29 

15.07 

15.84 

.7 

11.75 

12.51 

13.19 

13.86 

.6 

10.07 

10.73 

11.30 

11.88 

.5 

8.40 

8.93 

9.42 

9.90 

.4 

6.71 

7.14 

7.53 

7.92 

.3 

5.03 

5.36 

5.65 

5.94 

.2 

8.86 

3.57 

3.76 

8.% 

a 

1.68 

1.78 

1.88 

1.98 

amalgamation,  the  quicksilver  volatilized  by  blowpiping  or  otherwise,  and 
the  linilting  button  weighed,  the  value  of  the  ore  per  ton  of  2,000  lb.  will 
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be  found  opposite  the  weight  of  the  batton.    The  values  are  given  for  fine- 
nesB  of  gold  varyine  fix>m  780  to  920. 

To  determine  me  value  of  gravel,  a  6-lb.  sample  will  give  the  same 
results  as  that  obtained  fKSm.  a  4-lb.  sample  of  quartz,  on  acbount  of  the 
&ct  that  18  cu.  ft.  of  gravel  measured  in  a  bank  weigh  1  ton,  or  2,000  lb.: 
hence^  a  cubic  yard  of  gravel  measured  in  a  bank  weighs  3,000  lb.,  and 
for  this  reason  a  sample  one  and  one-half  times  as  large  as  that  required 
for  quartz  must  be  taken.  In  case  the  gravel  is  of  low  grade,  a  sample  ten 
times  as  large,  or  60  lb.,  may  be  taken,  in  which  case  the  value  opposite 
the  weight  of  the  button  will  have  to  be  divided  by  10. 

As  an  example,  in  the  use  of  the  table  we  may  suppose  that  a  button 
flrom  4  lb.  of  ore  or  6  lb.  of  gravel  weighs  8.8  gr.,  and  that  the  fineness  of 
the  gold  is  8S0.  Opposite  3  in  the  table  we  will  find  953.61  as  the  value  of 
the  button  in  dollars  containing  3  gr.  of  gold,  and  opposite  .8  we  will  find 
^4.29.  The  sum  of  these  is  967.90,  the  value  of  the  ore  per  ton,  or  the  gravel 
per  cubic  yard. 

EXPLORATION    BY   DRILUNQ   OR   BORK   HOLKS. 

Earth  Augtrs.— When  testing  soil  or  searching  for  placer  gold,  sand,  soft 
iron,  or  manganese  ores,  and  similar  materials  that  usually  occur  compara- 
tively near  the  surfiEice,  hand  augers  may  be  employed  to  great  advantage. 
A  good  form  of  hand  auger  consists  of  a  piece  6f  flat  steel  or  iron,  with  a 
steel  tip,  twisted  into  a  spiral  about  1  ft.  long,  and  having  four  turns.  The 
point  is  split  and  the  tips  sharpened  and  turned  in  opporate  directions  and 
dressed  to  a  standard  width,  usually  2  in.  The  auger  is  attached  to  a  short 
piece  of  1"  pipe,  and  is  operated  by  joints  of  1"  pip^,  which  are  coupled 
together  with  common  pipe  couplings.  The  auger  is  turned  by  means  of  a 
double-ended  handle  having  an  eye  in  the  center  through  wnich  the  rod 
passes. 

The  handle  is  secured  by  means  of  a  setscrew.  In  addition  to  the  auger, 
it  is  well  to  have  a  straight-edged  chopping  bit  for  use  in  comparatively  hard 
seams.  This  may  be  made  from  a  piece  of  If  octagon  steel,  with  a  2^'  cut- 
ting edge.  The  upper  end  of  the  steel  is  welded  on  to  a  piece  of  pipe  similar 
to  that  carrying  the  auger.  When  the  chopping  bit  is  employed,  it  is 
necessary  to  have  a  heavy  sinking  bar,  which  may  be  made  firom  a  piece  of 
solid  ly  iron  bar,  fitted  with  ordinary  V  pipe  threads  on  the  ends.  Pros- 
pecting can  be  carried  on  to  a  depth  of  firom  50  to  60  ft.  with  this  outfit.  The 
number  of  men  necessary  to  operate  the  rods  varies  from  2  to  4.  depending 
on  the  depth  of  the  hole  beins:  drilled.  When  more  than  30  ft.  or  rods  are  in 
use,  it  is  usually  necessanr  to  nave  a  scaffold  on  which  some  of  the  men  can 
stand  to  assist  in  withdrawing  the  rods.  When  withdrawing  the  rods, 
to  remove  the  dirt,  they  are  not  uncoupled  unless  over  40  ft.  of  rods  are  in 
use  at  one  time,  and  sometimes  as  many  as  50  or  60  ft.  are  drawn  without 
uncoupling.    . 

Percussion  or  churn  drills  are  frequently  employed  in  drilling  for  oU, 
water,  or  gas,  and  were  formerly  much  used  in  searching  for  coal  and  ores, 
but,  owing  to  the  fact  that  they  all  reduce  tbe  material  passed  through  to 
small  pieces  or  mud,  and  so  do  not  produce  a  fair  sample,  and  to  the  &ct 
that  they  can  only  drill  perpendicular  holes,  they  are  at  present  little  used 
in  prospecting  for  either  ore  or  coal. 

The  cost  and  rate  of  drilling  by  means  of  a  percussive  or  chum  drill 

varies  greatly,  being  affiected  much  more  by 
Cost  of  Well-Drilling.  the  character  of  the  strata  penetrated  than  u 
the  case  with  the  diamond  drill.    In  the  case 


Size  of  Well. 
Inches. 


6 

8 

10 

12 

15 


n^o*     •  ^I'«/^♦     of  highly  inclined  beds  of  vurying  hf^dness, 
ix)st  per  J?  001.    lYiQ  holes  frequently  run  out  of  line  and  be- 

come  so  crooked  that  the  tools  wedxe.  and 

drilling  has  to  be  suspended.  For  arilling 
S1.50  through  moderately  hard  formations,  usually 

2.25  encountered  in  searching  for  gas  or  water, 

3.00  such  as  sandstones,  limestones,  dates,  etc.,  the 

5.00  accompanying  costs,  f)rom  the  American  W^ 

8.00  Works,  Aurora,  111.,  may  be  taken  per  foot 

for  wells  ftom  500  to  3,000  ft.  deep  for  the 

central  or  eastern  portion  of  the  United 
States  at  present  (1900).  This  cost  includes  the  placing  ol  the  casing,  but 
not  the  casing  itself^ 
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When  drilling  wells  for  oil  or  sas  to  a  depth  of  approximately  1,000  ft., 
using  the  ordinary  American  rig  with  a  cable,  the  cost  is  sometimes  redaced 
to  as  little  as  66  cents  per  foot  for  &'  or  W'  wells.  This  is  when  operating  in 
rather  soft  and  ](nown  formations.  From  15  to  40  ft.  per  day  of  24  hours  is 
usually  considered  a  good  rate  of  drilling,  though  in  soft  materials  as  much 
as  100  ft.  may  be  drilled  in  a  single  day,  and  at  other  times,  when  very  hard 
rock  is  encountered,  it  is  impossible  to  make  more  than  from  1  to  2  ft.  per 
day. 

The  dismond  drill  is  the  only  form  that  has  been  uniyersally  successfhl  in 
drilling  in  any  direction  through  hard,  soft,  or  variable  material.  Even  in 
the  use  of  the  diamond  drill,  many  difficulties  present  themselyes,  and 
demand  carefUl  study  in  adapting  the  form  of  apparatus  to  the  work  in 
hand,  and  in  rightly  interpreting  the  results  obtained  isom.  any  set  of 
observations. 

Note.— See  "Mines  and  Minerals"  for  articles  on  Diamond-Drilling 
Practice,  by  H.  M.  Lane,  August,  1899,  to  January,  1900,  Vol.  XX. 

Stieotiiig  tht  Msohlnt.— It  is  not  economy  to  employ  a  machine  of  large 
capacity  in  shallow  explorations,  as  the  large  machines  are  provided  with 
powerfiil  motors,  and  hence  do  not  work  economically  under  lisht  loads. 
When  a  large  machine  is  operating  small  rods  on  light  work,  the  driller 
cannot  tell  the  condition  of  the  bit,  or  properly  regulate  the  feed.  The 
machine  should  possess  a  motor  of  sufficient  capacity  to  carry  the  work  to 
the  required  depth,  but  where  much  drilling  is  to  be  aone,  it  is  usually  best 
to  have  two  or  more  machines,  and  to  employ  the  small  ones  for  shallow 
holes,  and  the  large  ones  for  deep  holes. 

All  feed  mechanisms  employed  in  difunond  drilling  may  be  divided  into 
two  classes:  (1)  Those  that  are  an  inverse  function  of  the  hardness  of  the 
material.  Thisclassincludesfriction,  spring,  and  hydraulic  feeds.  (2)  Those 
in  which  the  feed  is  independent  of  the  material  being  cut,  as  in  the  case  of 
the  positive  gear-feed. 

The  first  class  is  advantageous  when  drilling  through  variable  measures 
in  search  of  fairly  firm  material,  which  does  not  occur  in  very  thin  beds  or 
seams.  On  account  of  the  fact  that  this  class  of  feed  insures  the  maximum 
amount  of  advance  of  which  the  bit  is  capable  in  the  material  beins^  cut,  the 
danger  is  that  the  core  A*om  any  thin  soft  seam  may  be  flrround  up  and 
washed  away,  without  any  indication  of  its  presence  having  Been  given. 

The  second  class,  or  positive  gear-feed,  if  properly  operated,  requires 
somewhat  greater  skill,  but  if  used  in  connection  with  a  thrust  register,  it 
gives  reliable  information  as  to  the  material  being  cut,  and  is  especially 
usefhl  when  prospecting  for  ^ft  deposits  of  very  valuable  material. 

Sizt  of  Tools.— The  size  of  tools  and  rods,  and  consequently  the  size  of  the 
core  extracted,  depends  on  the  depth  of  the  hole  and  the  character  of  the 
material  being  prospected.  When  operating  in  firm  measures,  such  as 
anthracite  coal,  hard  rock,  etc.,  it  is  best  to  employ  a  rather  small  bit,  even 
when  drilling  up  to  700  ft.,  or  more,  in  depth.    For  such  work,  a  core  of  from 

i%  in.  to  lA  in.  is  usually  extracted.  The  rate  of  drilling  with  a  small  outfit 
3  very  much  greater  than  with  a  large  one,  owing  to  the  fact  that  there 
is  a  small  cutting  surface  exposed,  and  the  rate  of  rotation  of  the  rods  can  be 
much  greater.  When  prospecting  for  soft  materials,  such  as  bituminous 
coal,  valuable  soft  ores,  or  lor  disseminated  ores,  such  as  lead,  copper,  gold, 
silver,  etc.,  it  is  best  to  employ  a  larger  outfit  and  extract  a  core  2  or  3  in.  in 
diameter,  and  sometimes  even  larger,  even  though  a  comparatively  small 
machine  is  used  to  operate  the  rods. 

Drift  of  ditmond-dnll  holes,  or  the  divergence  from  the  straight  line,  often 
becomes  a  serious  matter.  This  trouble  may  be  minimized  by  keeping  the 
tools  about  the  bit  as  nearly  up  to  gauge  as  possible.  Core  barrels,  with 
si^ral  water  grooves  about  them,  answer  this  purpose  very  well  if  they  are 
renewed  before  excessive  wear  has  taken  place. 

Surveying  of  diemond  drill-holes  may  be  carried  on  by  either  one  of  two 
methods,  depending  on  the  magnetic  conditions  of  the  district.  Where 
there  is  no  magnetic  disturbance,  the  Enrstem  developed  by  Mr.  £.  F. 
MacGeorge,  of  Australia,  may  be  employed.  This  consists  in  introducing 
into  the  hole,  at  various  points,  small  tubes  containing  melted  gelatine,  in 
which  are  suspended  magnetic  needles  and  small  plummets.  After  the 
gelatine  has  hardened  the  tubes  are  removed,  and  the  angles  between  the 
center  line  of  the  tube,  the  plummet,  and  the  needle  noted,  thus  fUmishing 
the  data  fh>m  which  the  course  of  the  hole  can  be  plotted.  This  method 
gives  both  the  vertical  and  the  horizontal  drift. 
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Where  there  if  magnetic  disturlMuices  the  needle  cannot  be  used,  bat  a 
svstem  brought  out  by  Mr.  G.  Nolten,  of  Germany,  has  been  quite  exten< 
sively  employed.  In  this  case,  tubes  partly  filled  with  hydrofluoric  acid  are 
Introduced  into  the  hole,  at  various  points,  and  the  acid  allowed  to  etch  a 
ring  on  the  inside  of  the  tube.  After  the  acid  has  spent  itself  the  tubes  are 
withdrawn,  and  by  bringing  the  liquid  into  such  a  position  Uiat  it  corre- 
sponds with  the  ring  etched  on  the  inside  of  the  tube,  the  angle  of  the  hole 
at  the  point  esLamined  can  be  determined.  This  method  gives  a  record  of 
the  vertical  drift  of  the  hole  only. 

The  vtlue  of  tht  rsoord  f\imished  by  the  diamond  drill  depends  largely  on 
the  chuacter  of  the  material  sought.  The  core  extracted  is  always  of  very 
small  volume  when  compared  with  the  large  mass  of  the  formation  pros- 
pected, and  hence  will  give  a  fair  average  sample  only  in  the  case  of  very 
uniform  deposits.  The  value  of  the  diamond  drill  for  prospecting  may  be 
stated  as  follows:  More  dependence  can  he  placed  on  the  record  fumiahed  by 
the  diamond  driU  when  prospecting  for  materials  that  occur  in  large  bodies  qf 
uniform  composition  than  when  prospecting  for  materials  that  occur  in  small 
bunches  or  irregular  seams.  To  the  first  class  belong  coal,  iron  ore,  lon^-grade 
finely  disseminated  gold  and  silver  ores,  many  deposits  of  copper,  lead,  zinc, 
etc.,  as  well  as  salt,  gypsum,  building  stone,  etc.  To  the  latter  class  belong 
small  but  rich  bunches  of  gold,  silver  mineral,  or  rich  streaks  of  gold  telluride. 

The  •rrsngtmtnt  of  hofes  has  considerable  efflect  upon  the  results  ftur- 
nished.  If  the  material  sought  lies  in  beds  or  seams  (as  coal),  the  dip  of 
which  is  fairly  well  known,  it  is  best  to  drill  a  series  of  holes  at  right 
angles  to  the  formation.  If  the  material  soufirht  occurs  in  irregular  bunches, 
pockets,  or  lenses,  it  will  be  necessary  to  drill  holes  at  two  or  more  angles,  so 
as  to  divide  the  ground  into  a  series  of  rectangles,  thus  rendering  it  prac- 
tically impossible  for  any  vein  or  seam  of  commercial  importance  to  exist 
without  being  discovered.  Where  the  surface  of  the  ground  is  covered  with 
drift  and  wash  material,  it  may  be  best  to  sink  a  shaft  or  drill  pit  to  bed 
rock,  and  locate  the  machine  on  bed  rock.  After  this,  several  senes  of  fan 
holes  may  be  drilled  at  various  angles  fh>m  the  bottom  of  the  pit.  Owing 
to  the  upward  drift  of  diamond-drill  holes,  the  results  fUmished  flnom  a  set 
of  fan  holes  drilled  from  a  single  position  would  make  a  fiat  bed  appear  as 
an  inverted  bowl,  or  the  top  of  a  nill.  On  this  account,  it  is  best  to  drill 
sets  of  fan  holes  fYx>m  two  or  more  locations,  so  that  they  will  correct  one 
another.  If  fan  holes  fh>m  different  positions  intersect  the  same  bed,  a  care- 
fhl  examination  of  them  will  usually  furnish  a  check  on  the  vertical  drift 
of  the  holes. 

The  cost  ond  speed  of  drilling  depend  greatly  on  the  formation  being 
penetrated.  As  a  rule,  it  is  more  expensive  to  sink  the  stand  pipe  than  to  do 
the  subsequent  drilling.  Stand  pipes  mav  cost  $5  or  more  p^  foot  to  sink, 
while  the  cost  of  drilling  in  firm  rock  varies  fh>m  90.50  to  $2  per  fbot;  in  the 
case  of  difficult  drilling,  the  cost  may  run  over  $4  per  foot.  Where  a  large 
amount  of  drilling  has  to  be  done,  a  fair  average  estimate  for  shallow  holes 
up  to  700  ft.  deep  would  be  $2  per  foot,  under  such  conditions  as  exist  in 
most  mineral  districts  of  the  United  States.  The  cost  of  labor,  fhel,  etc., 
enter  into  the  problem,  and  frequently  affect  it  to  a  considerable  extent. 

The  rate  of  drilling  varies  considerably,  but  in  firm  rock  an  average  of 
1  ft.  per  hour,  including  all  delays  for  changing  rods,  etc.,  would  be  a  fiadr 
average  up  to  700  ft.  Greater  speed  than  this  could  be  made  in  soft  shales  or 
sandstones,  and  somewhat  less  in  hard  rock.  The  hardness  of  the  rock 
afi'ects  the  rate  of  drilling  much  less  than  does  its  character.  A  conglomer- 
ate rock  containing  loose  pebbles  that  come  out  during  the  drilling,  or  a 
crystallino  rock  containine"  angular  pieces  that  come  out  during  dnlling, 
will  cause  far  greater  trouble  than  the  hardest  material  ever  encountered  in 
diamond  drlllpig.  The  following  tables  will  give  some  idea  as  to  the  cost 
of  diamond  dnllin|[  under  various  conditions. 

The  cost  of  drilling  2,084  ft.  of  hole  in  prospecting  the  mund  through 
which  the  Croton  aqueduct  tunnel  was  to  pass  is  given  as  foilowB: 

814  ft.  of  soft  rock  (decomposed  gneiss),  in  which  an  average  of  23.1  ft  per 
day  was  drilled,  at  a  cost  of  $1.15  per  ft. 

347  ft.  of  hard  rock  (gneiss),  in  which  an  average  of  11.1  ft.  per  day  was 
drilled,  at  a  cost  of  13.97  per  ft. 

923  ft.  of  clay,  gravel,  and  boulders,  in  which  firom  64  to  9  ft.  per  day  were 
drilled,  at  a  cost  of  1M.07  per  ft. 

The  average  progress  per  day  in  drilling  the  entire  2,084  ft.  was  10.2  ft 
per  day. 
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In  the  Mlnneaota  Iron  Co.'s  minei,  at  Soudan,  Minn.,  the  diamond  drill  is 
used  for  drilling  holes  Arom  10  to  40  ft.  in  depth  in  the  back  of  the  stopes, 
practically  all  the  work  being  done  in  iron  ore.  The  average  cost  per  root 
of  drilling  18,512  ft.  of  hole  was  90.7708,  which  was  divided  as  follows: 

Carbons ~ $0.34 

Supplies,  oil,  etc 0.07 

Fuel 0.04 

Repairs 0.05 

Labor 0.2703 

Total  «).7703 

The  following  tables  give  the  cost  of  boring  at  two  Ishpeming,  Mich., 
mines:' 


TABLK    I. 


Labor 


Total 
Cost. 


82,506.10 


400i  days  setter    at  93.0a 11,200.75 

372  days  runner  at   2.25. 887.00 

280i  days  runner  at  '2.00 460.50 

4i  days  laborer  at  1.75 7.85 

Carbon  68f  carats  at  $15.144 1,035.47 

Bits,  lifters,  shells,  barrels,  and  repairs 433.81 

Oil,  candles,  waste,  and  supplies 128.09 

Estimated  cost  compressed  air 374.60 

Total $4,478.07 

Number  holes  drilled  


Cost 
per  Ft. 

•0.669 

0.276 
0.115 
0.085 
0.100 


$1,195 
28 


Drilled  in  hematite  193  ft. 

Drilled  in  jasper 646  ft. 

Drilled  in  mixed  ore    986  ft. 

Drilled  in  dioritic  schist 1,921  ft. 

Total  driUhig  3,746  ft 

Number  of  10-hour  shifts  drill  was  running,  including 

.moving  and  setting  up  603 

Amount  drilling  per  lO-nour  shift 6.2  ft. 


TABLE  II. 

Underground  drilling 6,075  ft. 

Surfiace  driUinff 1,414  ft. 

Stand  pipe  sunk 470  ft. 

Total  distance  run 7,959  ft. 

Actual  drilling  time  underground ,..     672  shifts 

Actual  drilling  time  on  surface  165  shifts 

Time  of  foreman,  setter,  moving,  and  stand-piping 1,314  shifts 

Total  time  worked 2,151  shifts 

Average  progress  per  man  per  shift  3.70  ft. 

Average  progress  per  drill  per  shift  actually  run- 
ning        8.95  ft. 

Weight  of  carbon  consumed 111.00  carats 

Distance  drilled  per  carat  of  carbon  consumed 67.38  ft. 

Amount.  Per  Ft. 

Cost  of  carbon $1,81^7.00  $0,237 

Cost  of  supplies  and  oils 134.13  0.017 

Costof  fUef 360.73  0.045 

Cost  of  idiop  material,  etc "    663.36  0.083 

Pay  roll 4.000.03  0.502 

Total  cost $7,045.25  $0,884 


paoap£cTnio. 

t  Cost  pir  Foot  ik  Diimohd  p&iLUira. 


a  cost  of  total  work  of 


Jasper  and  state. 
0    2  holes,  267  ft. 

E   3  holes.  410  ft. 


'    2  holes,  SCO  ft. 
ScblBt  and  jasper. 


It,  jaapei.  and  quaitzlte. 
ea,  2,*ll  h. 

Average  cost  of  drilling  18  holei 
S.MSft. 


The  fi>llowtn([  flgurea^  taken  tlom  a  letter  writteo  b;  T.  F.  Richaidaon, 
Denrtmenlal  Engineer  of  Dan)  and  Aquedunt  Department,  Metropolitan 
Water  Board  of  BobIod,  and  published  hj  the  U.  B.  OeologlcAl  aurve;.  are  of 
Intereet,  as  thvy  show  tlie  rate  and  cost  of  diamond  diUUng  under  certain 
condltiOQB-  The  coats  do  not  take  into  account  depredation  of  machinery 
nor  losses  of  time  in  inoTlng  machines,  ete.  The  machines  employed  In 
this  viork  were  a  Badger  drfll,  manufliclured  by  the  M.C.Bullock  Haou- 
fBelurins  Co.,  of  Chicago,  m.,  and  an  8-510  drill,  manufactured  liy  the 
Sullivan  Machinery  Co.,  Claremont,  N.  B. 

The  total  amount  drilled  was  2,814  ft.,  the  deepest  hole  being  286  ft.  deep, 
and  the  arerace  depths  of  holes  abont  60  ft.  The  amoant  accompUsbed  per 
day  was  troni  0  to  32  ft.,  the  average  amount  l>elDg  probably  abont  10  or  13 
ft.  per  day.  The  cost  of  drilling  varied  very  largely,  both  with  the  hard- 
ness of  the  nwk  and  the  condidon  of  the  rock  as  to  being  seamy. 

cost  of  driUlng  mz  fl.  of  rather  hard,  totigh 


The  Jbllowlng 
diorite  nick: 

Labor 

Diamonds 


(86.6  ft. 
IT  bit.) 


Of  this  wai  drilled  with  a  11"  Ut,  ud  23T.E  ft.  was  drilled  with  a 


Drining  UD.T  ft  of  tm;  haid  «y 


laMofdrtUiUin.) 
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The  foUowimr  wai  the  cost  of  diOUng  286.1  ft.  of  toft  tehiit  lock: 

Labor „ 1190.00 

Diamonda 87.76 

Coal UJiO 

Total 1289.25 

Ooit  per  foot 1.01 

(Size  of  drill,  If  in.) 

The  following  flgores  will  be  of  oonslderable  interest,  owing  to  the  &ct 
that  the  work  is  practicallir  all  of  the  nature  of  sinking  stand  pipe&  the 
object  of  the  exploration  being  to  ascertain  the  depth  of  wash  mat^iai  and 
the  character  of  the  bed  rock  over  the  area  of  certain  proposed  dam  sites  in 
the  southwestern  portion  of  the  United  States,  the  work  being  carried  on 
by  the  ffovemment.  The  machines  used  were  made  by  the  American 
Ciamond  Rock  Drill  Co.,  of  New  York,  and  had  previously  been  employed 
in  similar  exploration  along  the  line  of  the  Nicaragua  CanaL 

Cost  of  operation  per  month  of  bed-rock  exploration: 

Foreman 9160.00 

6  laborers,  at  $1.50  per  day,  26  days 234.00 

1  cook 45.00 

$429.00 

210  rations,  at  60  cents 144.00 

Total  repairs,  pipe  and  lumber  for  one 

party  for  10  months 600.00 

Total  commissary  charges  for  team,  feed, 

etc 850.00 

Total  moYing 670.00 

Total  sundry  incidentals 200.00 

Total  supervision 350.00 

Total,  10  months $2,070.00 

Sundry  expenses  per  month 230.00 

Total  cost  per  month 803.00 

10  months,  at  ^oa 8.030.00 

Total  number  of  feet  sunk 3,254.20 

Total  cost $8,030.00 

Cost  per  foot 2.46 

Cost  per  hole,  7,227  -«-  52 154.42 

The  drills  were  purchased  second-hand  fix>m  the  Nicaragua  Canal  Co., 
and  the  other  apparatus  was  new.  If  the  original  cost  of  all  this  machinery 
were  distributed  over  the  work,  the  results  would  be  as  follows: 

Operation $8,090.00 

Machinery 1,600.00 

Total  cost - $9,630.00 

Or  average  cost  per  foot 2.86 

Both  machines  are  still  in  good  repair,  after  having  been  used  in  Nicara- 
gua and  in  various  localities  in  Arizona  and  CaUfomia. 

The  total  depths  penetrated  in  all  materials  at  the  various  dam  sites  are 
follows : 


TheButtes.... 

§neen  Creek, 
iverside 

Dikes 

San  Carlos 

m 

Total  


Covering. 


1,621.2 

357.8 

729.8 

80.0 

14S.2 


t982.0 


Bock. 


196.0 

65.6 

40.2 

0.0 

80.4 


322.2 


Total. 


1.817.2 

418.4 

770.0 

80.0 

173.6 


8,254.2 


r 
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PROSPECTING, 


Fig.  2. 


Msgnttlo  Prosptotlng.~Bodie8  of  magnetic  iron  ore  are  ftequently  digcov- 
ered  or  located  on  account  of  their  magnetic  properties.  Two  forms  ol 
compasses  are  employed  in  this  work:  the  dipping  needle,  or  miners' 
compass,  and  the  ordinary  compass.  The  ordinaiy  compass  is  used  to  find 
the  center  of  magnetic  attraction  in  the  horizontal  plane,  and  after  this  has 

.  been  found  the  ground  may  be  run  'over  with  the 
fii/m/f/n  dipping  needle,  to  locate  the  center  of  attraction 
///////////I  by  this  means.  The  ordinary  compass  does  not 
give  good  results  when  operating  over  a  mag- 
netic deposit,  but  is  only  useful  in  determlnlt^ 
its  outside  edge,  and  thus  locating  its  gene^^ 
position.  The  dipping  needle  differs  from  the 
ordinary  compass  in  that  the  needle  is  hung  in  a 
vertical  plane  in  place  of  horizontally,  so  that 
the  needle  is  free  to  assume  any  position  varying 
from  the  horizontal,  depending  on  the  downward  component  of  magpetii; 
attraction  at  that  point.  The  vertical  magnetic  component  at  the  point 
should  be  compensated  for  by  balancing  the  dipping  needle  so  that  it  will 
ordinarily  stand  horizontally  when  not  affected  by  local  disturbances. 

The  actual  work  of  prospecting  may  be  carried  on  as  follows:  If  there 
were  an  outcrop  of  a  vein  of  magnetic  material,  as  shown  in  Fig.  2,  covered 
with  a  capping  of  wash  matenal,  the  preliminary  prospecting  would  be 
,  carried  on  as  shown  in  Fig.  3,  the  dipping  needle  being  carried  backwards 
and  forwards  zigzae  across  the  deposit,  noting  the  point  of  maximum  dip  in 
each  case  and  establidiing  a  stake  there  as  indi- 
cated bv  the  crosses.  After  these  stakes  had  all 
been  established,  an  average  straight  line  would 
be  struck  through  them  that  would  follow  the 
course  of  the  deposit  as  nearly  as  possible.  Stakes 
would  be  placed  at  the  ends  of  this  line,  as  at  Xand 
r,  and  the  line  X  Y  divided  oflf  into  \W  dis- 
tances by  means  of  stakes  marked  A^  B,  etc.  Lines 
at  right  angles  to  the  original  line  would  then  be 
turned  off  at  these  10(y  points,  and  stakes  placed 
every  10  ft.  upon  the  branch  lines.  These  points 
on  the  branch  lines  would  be  lettered  with  small 
letters,  corresponding  to  the  large  letter  on  the  line 
X  Y,  as  shown  in  Fig.  4,  which  represents  the  obser- 
vations taken  at  the  first  station.  The  dip  would 
be  noted  at  each  one  of  the  !(/  stations,  and 
recorded  in  the  note  book.  A  convenient  method 
of  keeping  the  notes  is  to  have  a  vertical  line  down 
the  center  of  the  page  for  the  line  X  Y.  and  other 
vertical  lines  to  the  right  and  left  of  it  for  the  indi- 
vidual stations  10  ft.  apart,  each  side  of  the  main 

line,  the  horizontal  lines  across  the  page  being  lettered  A,  3,  etc.,  the  sta- 
tions to  the  right  and  left  being  markea  with  primes  and  subscripts  of  the 
small  letters  corresponding  to  the  line.  After  the  observations  have  been 
taken,  lines  may  be  drawn  through  points  of  equal  dip  and  equal  deflection 

(isogonic  lines).    By  this 


Fig.  3. 


y 


ao*  3^ji^&s*   tfir    5* 


means  the  general  form  of 
the  bed  is  determined. 

The  maximum  dip,  in  the 
case  of  an  inclinea  deposit 
like  th^t  shown  in  Fig.  2, 
would  occur  at  c,  over  the 
hanging  wall  of  the  outcrop, 
the  dip  at  6  being  consider- 

&€f\s&'  \4ir  ^^^y  1^^*  A^^  ^®  ^^P  '^^  ^ 

being  less  than  that  at  b. 
After  the  center  of  miufnetic, 
attraction  has  been  discov- 
ered, prospecting  may  be  continued  by  means  of  the  diamond  drill,  or  by 
sinking  shafts  or  test  pits.  Sometimes,  where  deposits  of  magnetic  iron  ore 
have  l^n  eroded,  the  sands  near  the  suiface  may  contain  such  a  considerable 
amount  of  magnetic  disturbance  as  to  indicate  the  presence  of  a  body  of  iron 
ore.  while  in  reality  there  may  be  such  a  small  quantity  disseminated 
through  the  sand  that  it  could  not  be  made  to  pay  for  its  removal. 


BEOlOaiCAL  lf.APa  AKD  CROSS-SBCTIOHS. 


the  oppoalw  end.    Where  (be  body  le  badly  b 
needle  may  be  leveraed  aeveraJ  Cimea  In  &  compaj_  _     _    _ 

Prttntotlni  far  Pitraltim,  Nitaril  iu,  and  Bltunt>,— Among  tb 

•— loMloiu  ot  r""' '  "" " '— -*  ■"— - 


B  or  petnlgum  and  bitumen  may  be  mentioaed  whltt 

abates  oc  nnddone^  tbalei  burned  lo  tedness,  tUoiaiolec.  mlnen 
deposlta  fn>m  mliKial  nicingi.  Also  n&taralgai,  iprlnn  of  f 
Euid  naplithL  poroui  rocka  aatuisted  wilb  Unimen,  oraclu  In  b 


;!•»,' 


ither  rook  ptutl^  filled  irith  bitumen.    Feuoleum  la  a 

ka,  but  always  lu  aedli... 
1,  vegetable  matter.  Iron,  a 
~aes  cloaety  reeemldee,  hy  Ita  uuui  i 
1  Che  Bama  of  a  match  or  candle 
injiese  do  not  lUae,  and  coal  and 
uu.,.^  uu.u  ...^uui.  luniuu./  Bitumen  1*  alao  aoluble  in  blau; 
carbon,  chlurofonn.  and  turpentine,  usually  givluc  a  dark,  black, 
solution.  FregueDtlv,  aprlnsH  or  panda  haie  an  iridescent  coatl 
upon  the  aurface.  Sometlmee  iron  compounds -give  praetleally 
appearance,  but  the  iron  coaling  can  alw^s  be  distineuisbedfhnn 
agluting  Ibe  surfaoe  of  the  water,  when  the  iron  coaling  will  bre< 
a  crust  or  solid  material,  wblle  the  oil  will  behave  ae  a  Quid,  ani 
■  re  BUrikea  even  when  it  la  agitated. 


'is' 


wMcb  is  a  good  li 
may  be  compoaed 


idJcation  of  tba  preaence  of  petroleum  or  bitui 
of  aulphureled  hydrogen  or  parbonJe-acld  gas. 
1  be  dlallasalBhedbv  the  bet  that  it  buma  witli 


reted  hydrogCD  can 

juminooa  flame,  whi-,_ ^ .  —  „— . 

and  carbon  dioxide  will  not  support  combuallon,  but. 


iminooa  flame,  wbereu  su^hureled  hydrogen  bums  with  a 


[uiiduct  of  combustion. 

When  carbureted  hydrogen  gaa  Is  discovered  ascending  from  i 
bottom  of  vbich  is  not  covered  with  decaying  vegetation.  It  Is 
certain  sign  that  there  ia  petroleum  or  bitumen  Bomewhere  lu  the  u: 
or  adjacent  formations. 

If  oaCuralgaaor  bitumen  1b  found  upon  the  aurface  of  Bhale.  it  li 
that  the  material  ascended  vertically  through  cracks  in  these  n 
porous  strata  below ;  irhJle  If  it  la  found  in  connection  with  aandal 
probable  that  the  material  was  derived  from  ttie  porous  sandsU 
This  Is  especially  liable  to  be  true  If  the  aandatone  baa  a  st«ep  pitct 

As  a  rule,  deposita  of  bitomen  or  petroleum  occur  in  porons  H 
overlaid  by  impervious  elrata,  auch  as  shales,  alatea,  etc.  Antli 
more  liable  to  contain  auch  deposiis,  though  they  are  not  absolut 
aary  to  retain  them,  aa  at  times  portions  of  the  underlying  pon 
have  been  rendered  Impervioua  by  depoalts  of  calcium  salts,  allicft 
hence  the  petroleum  or  bitumen  will  be  conflned  to  the  poroua 
Natural  gaa  alao  occura  under  dmilar  conditions,  but  usually  lij,. 

CsnitraoUan  o(  Gaaio|loal  Mapi  and  Craas-SiatlDns.— After  the  sarO 
Inatlon  of  a  property  1b  complete,  the  data  ahould  be  entered  oi 
map  procurable,  or  a  map  constructed.  The  scale  depends  on  ( 
the  property,  the  complexity  of  the  geologlcat  fbrmation,  the  cal 
property,  and  the  material  to  be  mined  ftom  It.  The  amount  of  ' 
ft  win  pay  to  put  on  the  survey  will  depend  largely  on  the  val 
property,  more  detail  being  Juatlfied  In  the  ease  of  hfgh^ade  [ 
lfapropertyl,aXI«,XS,0OSrt.  (the  siie  of  four  U.S.  mining  claims) 
surveyed  and  mapped  with  a  scale  of  1  in,  eijual  to  100  ft.,  the  m 
bel21n.  X30in,  A  vein  of  Mrata  10  ft.  wide  on  this  map  would  app< 
an  inch  wide,  which  la  about  the  smallest  division  that  could  I 
with  Its  characteristic  symbol;  for  greater  detail,  a  larger  acale, 
scaled  sheets  of  the  moat  important  portions  of  the  deposit 
necessary.  If  the  geologlat  ooualntcta  the  topographical  contou: 
can  take  notea  on  the  geology  at  the  aame  time,  when  the  boui 
the  property  are  being  aurveyed,  certain  polnta  should  be  eatabha 
vertleally  and  horizontally,  as  stations  in  ^ture  topographical  uroi 
map  la  on  government  surveyed  land,  the  government  lines  ma 
tor  horiiontil  locations,  but  it  will  be  neceawry  to  determine  the 
of  the  dIBlerent  polnta.    If  the  property  la  much- broken,  It  la  well 
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few  IIdcb  of  leT«li  scrosi  It,  to  estabUih  points  from  which  to  ooDtbiiie  the 

work.    This  work  !■  nsiull;  done  with  a  r  level  and  chain,  the  other  details 
being  subsequentlr  tUled  la  with  a  ttandt  and  Madia,  the  levels  of  the  other 

either  by  aafng  the 
Hansit  ag  a  level,  b; 
t  vertical  angleB.  by  bar- 
ometrlo  observatlDiis, 
or  by  means  of  a  hand 
level.  Where  lines  of 
levels  are  run  across 
,  the  property  in  varlooB 
>  directions,  It  Is  beat  to 
run  them  la  nich  a 
direction  that  they  will 
CKMS  the  strike  ot  th« 
strata  as  nearly  at  right 
angles  as  possible,  so 
that  the  pnAle  thus  de- 
tennlaed  may  be  nasd 


seotloa.  Bamettmva, 
fiir  nellmlnary  work, 

ng.  B.  dmply  a  sketch  map  is 

sary.    All  of  the  outcrop*  and  eiposores,  together  with  their  proper  dip, 
Should  be  entered  ou  the  map. 

To  Okltin  Dip  tnt  Strik*  Freai  Bsn-Huls  RisQrdi.— Befiire  the  results 
obtained  ftom  bore  holes  are  available  fOr  use  in  map  constmctlon,  the  dip 
and  strike  of  the  vaiioos  strata  must  be  aecerlalaed.  The  pnicesB,  in  the 
case  of  Btratifled  rock,  Is  as  follows:  If  three  holes  were  drilled,  as  at  A,  B. 
and  C  Fig.  e,  each  intersecting  a  given  bed,  the  strike  uid  angleof  dlpofthe 
bed  may  be  obtained  by  reducing  the  resullaftom  the  three  holee  to-  -" 


By 


the  Una  CB  Indefinitely,  and  erecting  . . 

jciiu.i:!!!*!  Hilt,  each  representing  the  distance  from  the  hori- 
throogh  A  to  the  intersection  of  the  strata,  two  points  In  the 
>btalned,  which  line  Intersects  CB  produced  at/:  /  is  one  point 


strike  Af.   The  distance  Ch.  equal  to  Cd,  Is  laid  off  at  right  angles  to  Cg, 
when  the  angle  Cg  A  gives  the  mailmum  dip.    The  results  obti^ed  Jh>m 

bore  holes  may  thus  be  reduced  tOBueh  form  tY-'  "—  -*' ' ' — *— ' 

on  the  surface  to  obtain  the  Hoe  of  outcrop  for  e 

furnish   data    for  constructing  underground    ( 
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Hayinflf  recorded  on  the  map  all  expofures,  whether  surface  or  thoee 
obtained  nom  underground  work,  draw  the  line  of  strike  and  the  outcrops. 
Also  construct  a  cross-section.  If  the  vein  is  perpendicular,  the  outcrop  will 
be  a  straight  course  across  the  map.  If  the  bed  or  seam  is  horixontai,  the 
outcrop  will  correspond  with  the  contour  line.  For  beds  or  veins  dipping 
at  anv  other  angle,  results  between  these  limits  will  be  obtained. 

If  the  property  being  examined  is  cut  by  sjmclines  or  anticlines,  the  dips 
will  not  all  be  in  the  same  direction,  and  if  there  is  a  dip  idong  Uie  axis  of 
the  syncllnes  or  anticlines,  the  construction  of  the  map  will  be  considerably 
complicated.  Fig.  6  represents  a  plan  or  map  on  which  there  is  an  axis  »y 
toward  which  the  strata  dip  ftom  both  sides.  Outcrops  are  indicated  at 
A,  B,  C,  A\  and  R,  each  hayinf  a  dip  in  the  direction  of  the  arrow.  The 
lines  mn^  op^  qr  are  ccmtours.  If  the  cross-section  were  constructed  on  the 
line  FG,  perpendicular  to  the  axis  x  y,  the  various  beds  or  deposits  would  be 
cut  at  such  an  anxle  as  to  show  a  thickness  in  the  cross  section  greater  than 
that  which  actuslly  exists.  In  order  to  show  the  actual  thickness  for  each 
seam,  the  cross^ection  must  be  taken  along  the  line  perpendicular  to  the 
strike  of  the  strata,  which,  in  the  present  case,  is  along  tne  line  IHK,  In 
other  words,  the  cross-section  must  be  constructed  in  two  parts.  Where  a 
general  sketch  is  all  that  is  necessary,  a  single  cross-secuon  with  notes 
correcting  the  thickness  of  the  seams  may  answer. 

In  order  to  construct  the  cross-section  IHK,  the  outcrops  A,  B,  C,  A\  and 
^  must  be  projected  to  the  points  a,  6.  c,  a',  and  V,  this  projection  being 
along  their  contours.  If  the  points  on  the  line  of  the  intendea  cross-section 
were  not  upon  the  contour,  It  would  be  necessary  to  project  them  on  the 
plane  of  the  cross^ection,  as  shown  in  the  figure,  and  then  fh>m  the  dip  of 
the  strata  and  the  difference  in  elevation  to  obtain  a  corrected  point  along 
the  line  IHK.  The  cross-section  is  constructed  as  shown  in  Fig.  7,  each 
seam  having  its  actual  thickness  as  shown  at  the  outcrop.  If  the  upper 
surfiu^e  of  the  cross^ection  is  not  a  true  profile  of  the  surfkce,  and  the  points 
are  not  projected  in  the  plane  on  the  cross-section,  on  this  cross-section, 
according  to  their  dips,  there  is  considerable  danger  of  exaggerating  thdr 
thickness  one  way  or  the  other. 

On  mine  maps,  the  supposed  course  of  the  beds  should  be  sketched  in, 
subject  to  revision,  as  more  data  are  brought  out  by  later  development  work. 
Even  in  the  case  of  stratified  rocks,  it  is  difficult  to  form  a  definite  idea  as 
to  the  underground  conditions  firom  surface  indications,  and,  in  the  case  of 
metamorphic  or  crystalline  rocks,  it  is  absolutely  necessary  to  determine 
the  underground  conditions  by  drilling,  or  actual  development  work.  If 
the  propmy  beinjg  examined  is  liable  to  become  a  large  and  valuable 
mining  proper^,  the  original  survey  should  be  tied  to  monuments  or  natural 
landmarks,  so  that  it  can  be  checked  by  future  observations,  and  these 
monuments  or  landmarks  should  become  the  basis  of  ftiture  and  more 
careftil  mining  surveys. 

Some  of  the  advantages  of  a  carefUl  geological  examination  of  a  property 
are  that  other  materials  of  economic  value  would  probably  be  discovered, 
if  any  should  exist  on  the  property;  also,  such  an  examination  of  the 
property  gives  information  as  to  tne  drainage  system  of  the  country  that  may 
be  of  great  advantage  in  laying  out  the  mine,  and  future  exploration  by 
drilling  or  sinking  can  be  done  u>  better  advantage  after  a  carefUl  surflEUie 
examination. 

Ssmplins  snd  Estlmstinf  ths  Amoant  of  Mlnsrsl  Avsilsbls.— In  many  cases,  it  is 
necessary  to  do  some  development  or  exploration  work  before  fair  average 
samples  can  be  obtained.  Tne  samples  as  taken  should  fairly  represent  the 
material  as  it  will  be  extracted.  Such  gangue  as  cannot  be  separated 
fh>m  the  ore  in  mining,  or  slate  that  would  be  sold  with  the  coal,  should  be 
included  in  the  sample.  When  sampling  any  property  it  is  well  to  divide 
the  deposit  up  into  blocks,  and  sample  each  one  separately.  The  samples 
may  then  be  assayed  and  an  average  obtained  later,  or  the  different  samples 
may  be  mixed  and  an  average  assay  obtained.  The  amount  of  material 
broken  for  sample  may  vary  fh>m  a  few  pounds  to  many  tons,  depending  on 
the  nature  of  the  material  under  consideration.  Large  samples  may  be 
reduced  by  shoveling  (that  is,  taking  a  proportionate  number  of  shovelfuls 
for  the  sample,  as  every  third  or  fourtii  shovelful).  After  the  sample  has 
been  partially  reduced,  the  operation  may  be  carried  on  by  quartering, 
which  may  be  described  as  follows: 

The  material  is  shoveled  into  a  conical  pile  by  throwing  each  shovel- 
All  on  to  the  apex  of  the  oone.    After  this,  the  cone  may  be  reduced  by 
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scraping  it  down  with  a  shovel,  passing  slowly  itroand  it  If  the  amount 
of  material  is  small,  a  flat  plate  may  be  introduced  tnto  the  cone,  and  the 
pile  flattened  by  reyolving  the  plate.  The  pile  is  then  divided  into  quarters 
by  drawing  lines  across  It.  After  this,  two  alternate  quarters  are  scraped 
out  and  shoveled  away,  and  the  other  two  quarters  are  left  as  the  sample. 
Thb  process  may  be  repeated  until  the  block  has  been  sufficiently  reduced. 
In  shoveling  away  the  discarded  portions,  care  should  be  taken  to  see  that 
the  fine  dust  under  them  is  brushed  away  also,  as  they  often  contain  fine 
and  valuable  mineral  that  would  unduly  increase  the  value  of  the  reflultinc 
sample.  When  the  sample  consists  of  only  a  few  pounds,  it  may  be  reduced 
by  means  of  a  riffle.  Large  samples  consisting  of  several  tons  are  scmietimes 
sent  to  sampling  works  to  be  reduced  by  automatic  sampling  machines.  If 
the  property  being  examined  is  a  mine  in  active  operation,  samples  may 
be  taken  firom  the  working  fsMses,  and  also  from  cars,  loading  chutes,  etc. 
Usually  the  samples  from  the  fiEuse  are  kept  separate  from  those  from  the  cars 
and  loading  chutes,  the  latter  being  intended  as  a  check  on  the  former. 
In  the  case  of  ores  or  the  precious  metals,  large  samples  are  sometimes  taken 
and  used  for  mill  runs. 

Stock  piles,  or  dumps,  may  be  roi^hly  sampled  by  taking  pieces  ttom. 
intervals  over  the  surface,  being  careful  to  obtain  a  fair  aver<ige  of  coarse 
and  fine  material,  and  of  rock  and  ore.  Theise  samples  are  quartered  d  jwn 
and  assayed,  but  if  a  dose  valuation  is  d  esired,  it  will  be  necessary  to  drive 
cuts  or  tunnels  through  the  mass,  and  to  take  a  certain  amount,  as  every 
fifth  or  tenth  shovelfhl,  for  the  sample.  When  sampling  dumps  of  fine 
material  (as,  for  instance,  tailings)  it  is  possible  to  take  samples  from  the 
pile  by  means  of  a  drill,  an  auger  1  in.  or  2  in.  in  diameter  usually  being 
employed  for  this  purpose. 

The  human  factor  always  plays  a  large  part  in  the  value  of  a  sample  as 
finally  selected,  and  hence  it  should  be  taken  by  a  man  who  has  had  con- 
siderable experience  in  this  class  of  work.  For  this  reason,  it  is  best  to 
employ  a  mining  engineer.  One  not  accustomed  to  sampling  very  rarely 
undervalues  a  property,  owing  to  the  fact  that  it  seems  to  be  human  nature 
to  pick  up  a  rich  piece  of  ore  or  coal,  rather  than  the  barren  gangue  material 
or  slate. 

When  only  surface  exposures  or  shallow  prospect  openings  are  available, 
it  is  impossible  to  determine  the  amount  of  ore  in  sight,  or  to  form  more 
than  a  guess  as  to  the  size  of  the  deposit.  B  is  not  safe  to  cowni  any  ore  in 
tight  wUesB  U  is  exposed  on  at  least  three  faces.  Ore  that  is  exposed  on  one  or 
two  faces  can  be  counted  as  probable  ore,  while  slight  exposures  can  be 
counted  only  as  chances  indicated. 

The  amount  of  material  available  in  coed  deposits  can  be  estimated  much 
closer  than  in  the  case  of  ores.  If  a  seam  is  penetrated  by  a  number  of  bore 
holes,  or  by  workings  extended  over  a  considerable  area,  it  is  fiedr  to  esti- 
mate that  the  material  will  run  practically  as  exposed  lor  a  considerable 
area;  but  especially  in  the  case  of  bituminous  coal,  it  is  a  comparatively 
easy  matter  to  form  some  estimate  as  to  the  amount  of  material  available. 

When  dealing  with  ores,  it  is  impossible  to  form  reliable  estimates,  owing 
to  the  fact  that  horses  or  other  masses  of  rock  may  be  exposed  at  any  point 
and  the  ore  bodies  themselves  are  usually  very  irregular,  hence  it  will  be 
necessary  to  do  oareftil  blocking  out  before  making  any  estimates. 

When  estimating  the  amount  of  mineral  aviulable,  onlv  that  portion 
which  can  actually  be  removed  in  stoping  should  be  counted,  and  if  the 
seam  is  so  narrow  that  it  is  necessary  to  break  material  from  the  walls,  or  if 
there  are  masses  of  country  rock  that  have  to  be  removed  with  the  ore,  the 
expense  of  removing  them  should  be  estimated  and  deducted  from  the  value 
of  the  ore. 


DIAGRAM    FOR    RCPORTINQ   ON    MINERAL   LANDS. 

The  following  diagram  will  be  useiUl  as  a  guide  in  making  out  a  report 
on  a  mining  property: 


'  1.  Location,  if  on  surveyed  land. 

2.  Nearest  town  or  village. 

3.  Mineral  district. 
I                    V  4.  County,  state,  or  territory. 

BouMouiOB.  ^  2.  Distance  and  direction  from  one  or  more  pointi. 


'ION  f  1. 
JUR-  \ 


1.  Situation-  f  1.  Name. 

AND     8 
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DIAGftAM    POft    RCPORTINO  ON    MINCftAL  lANDS— (O^M^tied). 

^  1.  Hills  or  mountains. 

2.  Character  of  surface,  ves;etation,  and  timber. 

3.  Streams  and  water  supply. 

4.  Elevations. 


2.  TOPOGBA 
PHY. 


8.  Geology. 


1.  Struc- 
ture. 


r  1.  Rocks. 

2.  Axes. 

3.  Faults. 


4.  Dikes. 


{ 


,  5.  Horses. 

2.  Geological  period. 

3.  (a)Coal  f  1.  Number, 
beds.       (  2.  Thickness. 


I 


1.  Stratified. 

2.  Crystalline. 

3.  Igneous. 
Anticlines  or  synclines. 

1.  Number. 

2.  Strike. 

3.  Dip. 

4.  Throw. 

1.  Number. 

2.  Strike. 

3.  Dip. 

4.  Filling. 
6.  Throw. 

1.  Number  and  size. 

2.  Location. 

3.  Material. 


or 


fL  Veins. 


(6)  Ore  ^ 
bodies. 


2.  Beds    or 
lenses. 


ri. 

2. 
3. 

it: 

2. 
3. 
4. 

5. 

6. 
7. 
8. 

2. 
3. 
4. 
6. 
6. 
7. 
& 


Reported. 

Measured. 

Average. 

Uniformity. 

Number. 

Character. 

Strike. 

Dip. 

Width 


'  1.  Reported. 
2.  According 
to   meas' 
urement. 


ailing. 


Maximum. 

Average. 
Vein  filling. 
Ore  chutes. 
Walls. 

Throw  of  walls. 
Number. 
Walls. 
Strike. 
Dip. 
Length. 
Height. 

Maximum  width. 
Average  width. 


4.  (a)  Quality  of 
coal,  specimens, 
appearance 
in  mine,  in  cars, 
benches. 


or 


{b)  Ore. 


1.  Color,  external,  jwwder. 

2.  Luster. 

3.  Clearness  finm  clay  or  sand,  shale. 

4.  Sulphur. 

5.  Rean. 

6.  Firmness,  size  of  lumps,  air  slaking. 

7.  Cleavage  or  fiber. 

8.  Coking. 

9.  Color  of  ashes. 

10.  Use:  Gas,  steam,  domestic,  forge, 
metallurgy. 

11.  Analvses  or  assays. 

1.  Shipping. 

2.  Concentrating. 

3.  Metals  or  minerals. 

4.  Gangue. 

5.  Impurities. 

6.  Assays  or  analyses. 
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DIAQRAM    POft    ftCPOflTINO  ON    MINBftAL   LANDS— (CbtlMflued). 
f  1.  History. 


4.  Mining. 


.  2.  Mine. 


'  1.  Dates  of  opening,  abandoning,  reopening, 
number  of  mines  and  names. 

2.  Ownership. 

3.  Superintendence, 
f    1.  Shaft,  slope,  or  tunnel. 

f  1.  Total  depth. 

2.  Extent  of  2.  I>epth  below  water  leyel. 
workings.'    3.  Number  of  levels. 

t  4.  Extent  of  levels. 

3.  Water  pumps,  size,  and  kind,  water  cars, 
.   number  and  size,  natural  drainage. 

4.  Ventilation,  natural,  ftimace,  fan  (for- 
cing or  drawing  out),  sufficient  or  insuf- 
ficient. 

5.  Lighting,  system  used. 

6.  Powder,  kind  and  grade  used. 

7.  Explosive  or  noxious  gases. 

8.  Coal-cutting  machines  and  power  drills. 

9.  (a)  Mode  of  working,  holding  under, 
shearing,  blasting,  or  wedging. 

1.  Underhand  stoping. 

2.  Overhead  stoping. 

3.  Filling. 

4.  Caving. 

5.  Rooming  ^th  or  with- 
out timber. 

6.  Square  sets. 


(6)  Mode  of 
working. 


10.  Rooms,  or  stopes,pillars,  dimensions,  and 
general  plan. 

11.  Timbering,  timber  trees. 


12.  Roof,  or  hanging  wall,  strong  or  weak, 
air  slakes  or  not. 

13.  Floor,  or  foot-wall,  hard  or  soft,  creeps 
or  not. 

14.  Roads,  rails,  and  cars. 

'  1.  Men. 


15.  System  of  under- 
ground  tram- 
ming. 


6.  Maps  and 

Drawings. 


2.  Mules. 
8.  Electricity. 

4.  Compressed  air. 

5.  Wireroi)e. 

6.  Chain. 

7.  Locomotive. 
(  1.  Cage. 

16.  System  of  hoisting,  i  2.  sSp.' 

(.3.  Cars. 

'  1.  Of  the  whole  region. 
2.  Ofthe  underground  workings. 
'  1.  Cross. 

2.  Longitudinal. 
(1.  Oeneral. 

3.  Columnar.  <  2.  Coal  bed  or  other  de- 
(     posit. 

4.  Buildings,  works,  or  machinery. 

'  1.  Scale. 
2.  North  line,  magnetic  variations. 
8.  Date. 

4.  Maker. 

5.  Can  buy,  take,  borrow,  or  have 
copied. 


3.  Sections. 


5.  Explanation. 


6.  Concentra- 
tion. 


1.  Hand  picking. 

2.  Cobbing  and  picking. 

3.  Magneuc. 

4.  Mechanical.  -[J;  ^^; 


REPORTS  ON  MINERAL  LANDS. 
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7.    Coke 

Ovens. 


PIAQRAM    POIl    flBPORTINO   ON    MINBftAL   LAHOmMOmHnued), 

1.  History,  ownership,  etc. 

2.  Number. 
S.  Character  of  ovens. 

4.  Dimensions. 

5.  Construction,  materials,  etc. 

{I.  Charge,  quantity,  etc 
2.  Working. 
8.  Discharging,  quenching. 

7.  Repairs. 

8.  Quality  of  product.    (Assays,  if  any.) 
.  9.  Dispoation  of  by  products. 

'  1.  In  heaps. 

2.  Installs. 

3.  In  kilns. 

4.  By  mechanical  calciners. 

5.  Number  and  dimensions  of  roasters, 
r  1.  Base  bnllion. 

1.  In  shaft  fUr- 
naceto 


8.  Metalluk- 
GiCAL  Works 
AND  Treat- 
ment OF  Ore. 


1.  Roasted. 


2.  Smelted. 


'  1.  Shipped. 


9.  Disposition 
OF  Product. 


10.  StItistics. 


2.  Shipment. 


1.  Production. 


2.  Labor. 


.  3.  Prices. 


2.  In  reverber- 
atory  ftimace 
to 


S.  In  retorts  to 


1.  As  mined  to 


2.  As    concen- 
trates or  coke. 

3.  Metal  or 

matte  to 


2.  Matte. 
8.  Metal. 

4.  Number  and   dimen- 
.      sions  of  Aimaces. 
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.  6.  Local  considerations. 


2.  Value  of  plant  and  works. 

1   iLr4r.iTi»         fl.  Continue  present  sj'stem. 

1.  Mining.        j  2.  Change  system  to . 

1.  Ship  as  mined. 

2.  Concentrate,  or  coke  and 
ship. 

^.  Smelt  and  shipu 
'  1.  Trouble& 
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OPENING  A  MINE. 


The  location  of  the  snr&ce  plant  and  the  mine  opening  depend  on  the 
formation  of  the  deposit  primarily,  and  secondarily  on  the  facilities  for 
transporting  the  product  to  market.  It  is  impossible  for  one  not  on  the 
ground,  and  unfamiliar  with  natural  or  railroad  transportation  facilities  in 
the  n^ghborhood,  to  give  an  idea  as  regards  the  second  consideration.  In 
regard  to  the  first  consideration,  the  following  observations  will  be  found 
of  value: 

When  the  seam  or  vein  outcrops  within  the  limits  of  the  property  and  is 
flat,  a  water-level  drift  is  the  best  method  of  opening  it.  If  it  has  any  con- 
siderable inclination,  it  should  be  opened  by  a  slope,  or  by  a  tunnel  driven 
across  the  intervening  measures.  Where  the  deposit  has  an  inclination  of 
but  ftom  ^  of  1°  to  Ip,  the  water-level  drift  is  generally  used,  and  the  main- 
haulage  entry  is  opened  at  the  lowest  accessible  point  on  the  outcrop,  which 
insures  free  drainage  and  a  fietvorable  grade  for  haulage.  When  the  outcrop 
dips  into  the  hill,  the  drift  is  usually  commenced  a  few  feet  below  the  out- 
crop terrace,  and  driven  on  a  cdight  up  grade  until  the  normal  dip  is  reached. 

When  the  inward  dip  is  too  strong,  the  better  plan  is  to  sink  a  shaft  in  the 
center  of  the  basin,  provided  the  depth  is  not  too  great  and  the  amount  of 
water  to  be  pumi)ed  is  comparatively  small.  If  the  inward  dip  to  the  center 
of  the  basin  does  not  exceed  a  total  of  25  ft.  difference  in  level,  a  drift  may 
be  used  and  drainage  be  effected  by  a  siphon. 

Water-level  drifts  are  only  profitable  where  the  inclined-  seam  is  exposed 
in  ravines  or  gorges  eroded  across  the  strike  of  the  measure,  or  where  the 
vein  can  be  reached  by  a  short  tunnel  from  the  surface  to  the  seam  across 
the  measures.  This  is  often  tibe  case  when  the  seam  dips  with  the  hill,  but 
when  the  dip  is  against  the  hill,  the  tunnel  is  generally  a  long  one.  While 
the  expense  of  operating  a  mine  opened  by  a  long  tunnel  is  less  than  one 
opened  by  a  slope  or  shaft,  owins^  to  cheaper  dramafire  and  haulage,  when 
the  coNal  above  water  level  is  exhausted  the  tunnel  is  almost  worthless. 
When  the  seam  is  inclined  and  is  accessible  at  no  point  alonfi"  its  outcrop 
low  enough  to  furnish  sufficient  lift  or  breast  length,  it  should  be  opened 
by  a  slope  or  shaft.  Or,  if  the  seam  is  flat  and  does  not  crop  on  the  tract, 
a  shaft  is  the  only  method  of  working  it,  unless  it  lies  so  near  the  sur&ce 
that  it  can  be  stripped. 

Where  a  seam  has  a  dip  of  20°  or  more,  and  is  brought  close  to  the  surface 
by  an  anticlinal  axis  or  "saddle,"  a  "rock  slope,"  or,  in  other  words,  a 
tunnel  dipping  the  same  as  the  seam  may  be  started  ftom  the  surface,  and, 
when  the  seam  is  reached,  may  be  continued  to  the  desired  depth  in  the 


r 
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seam.  In  giiikiiig  slopes  for  coal  mines,  it  is  cnstomary  to  sink  an  airway 
alongside  of  and  parallel  with  the  slope,  with  a  pillar  of  about  10  yd.  between. 
The  slope  for  coal  mines  is  usually  sunk  so  that  there  is  a  '*uft"  of  ftom 
100  to  110  yd.,  and  then  gangways  are  turned  ofif  on  each  side.  The  term 
*'  lift "  in  tms  connection  means  the  length  on  pitch  that  breasts  or  rooms, 
driven  at  right  angles  to  the  gangway,  can  be  ^ven  in  good  co^.  Subse- 
quent lifts  are  usually  fh>m  80  to  100  yd.  long. 

Openisf  Up  •  Gold  Mine.— The  foUomng  description  of  the  method  of  open- 
up  a  gold  mine,  by  Mr.  S.  A.  Josephi  ("  Mines  and  Minerals."  February, 

i),  will  also  apply  in  general  for  the  opening  of  any  inclined  narrow  ore 
deposit:  The  equipment  for  the  top  of  shaft  for  the  preliminary  work  con- 
sists of  three  pieces  of  timber,  either  sawed  or  rough  hewn,  12  to  16  ft.  long, 
8  to  10  in.  in  diameter,  arranged  as  a  tripod;  thsy  should  be  strongly  bolted 
together,  a  pulley  hung  ftom  the  center,  through  this  a  rope  passed  with  a 
bucket  nstened  to  the  end  entering  the  shaft,  and  a  horse  hitched  to  the 
other  end.  This  equipment  is  called  a  whip,  and  is  sufficient  for  the  first 
100  ft.  in  depth.  In  locating  the  shaft,  care  should  be  exercised  in  placing 
it  where  there  is  ample  dump,  or  ground  for  waste  or  valueless  vein  matter. 
Should  the  character  of  the  surface  not  admit  of  sufficient  ground  for  this 
purpose,  haye  collar  (or  top)  of  shaft  elevated  lOor  12  ft.,  and  throw  waste 
around  the  outside  of  same  until  filled  up  solid. 

The  timbers  should  be  square  sets,  made  of  rough  or  square  timbers, 
preferably  the  latter,  8  in.  X  8  in.;  divide  the  shaft  into  two  compfurtments 
4  ft.  X  4  ft.  each,  one  for  the  bucketway,  the  other  for  the  ladderway.  Where 
air  is  bad,  board  up  the  ladderway  to  aid  the  circulation.  The  sets  Should 
be  not  less  than  4  ft.  and  not  over  6  ft.  apart,  in  the  clear. 

Sink  on  the  dip  of  the  vein,  and  keep  a  careftil  record  of  the  location, 
width,  and  value  of  ore  body,  until  the  depth  of  100  ft.  is  attained;  here 
place  station  sets  8  ft.  high,  start  levels  each  side  of  shaft,  and,  if  there  is 
water  in  the  shaft,  a  sump  16  ft  to  30  ft.  deep  should  be  sunk.  The  sump 
should  be  built  in  the  same  manner  as  the  shaft,  so  that  it  will  serve  as  a 
continuation  of  same  when  greater  depth  is  wanted. 

Levels  should  be  run  on  both  sides  of  the  shaft  sufficiently  long  to  deter- 
mine length  of  the  ore  chute,  and  also  to  determine  the  existence  of  other 
ore  chutes  in  the  vein.  This  development  work  should  be  an  indicator  of 
the  strength,  value,  and  i)ermanence  of  the  property;  it  is  now  ready  for 
another  examination  by  competent  authorities,  to  determine  the  af)ove 
conditions.  Should  their  verdict  be  favorable,  continue  the  shaft  to  the 
depth  of  an  additional  100  ft.;  if  water  is  found  in  but  small  quantities,  this 
can  best  be  done  by  replacing  the  whip  with  a  whim:  this  runs  by  the  same 
horsepower,  costing  in  the  neighborhood  of  flOO.  It  is  well  adapted  to  put 
the  shaft  down  250  ft. 

When  the  shaft  is  down  200  ft.,  start  levels  as  at  the  100-ft.  depth,  provide 
sump,  and  drift  both  ways  upon  the  vein,  proving  up  ore  bodies  as  before. 

Thus  fas  the  cost  has  been  slight.  The  shaft,  including  timbers,  supplies, 
and  contingent  expenses,  should  not  cost  over  t20  a  foot,  a  total  of  $4,000;  the 
drifts  96  a  foot,  say  200  ft.  each  way  fi*om  shaft  on  both  levels,  a  total  of 
800  ft.  or  $4,800;  total,  ^,800,  less  amount  received  ftom  mineral  extracted  in 
sinking  and  driftine,  which  is  usually  small. 

Now  it  is  to  be  decided  what  fUrtner  amount  the  owners  are  willing  to 
expend,  and  how  extensively  they  desire  the  mine  opened  up  before  the 
actual  extraction  of  ore  is  to  commence.  We  will  put  the  depth  of  shaft  at 
500  ft.,  the  drifts  the  fUll  length  of  the  claim,  usually  1,500  ft. 

For  this  purpose,  a  shaft  house  should  be  built,  say  40  ft.  X  60  ft,  with  ore 

house,  say,  ^  ft.  X  40  ft.    The  equipment  should  be  a  40  H.  P.  engine  and  a  00 

H.  P.  boiler  (if  a  large  flow  of  water  is  encountered,  an  additional  boiler  and 

)ump  must  be  provided),  the  shaft  continued  to  the  above  stated  depth,  and 

evels  extended  at  each  100  ft.  It  will  also  be  advisable  to  make  upraises  at 

he  farthest  point  practical  fh>m  the  shaft,  on  each  side,  connecting  each 

evel  with  the  other,  and  extending  to  the  surface.    These  upraises  should 

)e  made  in  or^  and  are  valuablelx>th  for  ventilation  and  escape  for  men, 

n  case  of  acdaent  to  or  near  the  shaft.    They  should  be  ftirnished  with 

ladders.    The  machinery,  shaft  house,  and  skip,  with  which  all  incline  shafts 

should  be  equipped,  will  cost  about  $4,600.  The  additional  800  ft.  of  shaft, 

including  contingent  expenses  of  engineers,  fuel,  etc.  will  cost  $40  a  fbot  or 

$12,000;  the  drifts,  $6  a  foot.   The  upraises,  being  on  ore,  should  pay  for  the 

labor. 

It  is  prudent  to  estimate  the  cost  of  thoroughly  opening  up  a  gold  mine  to 


b«  between  t40,0i»  and  KO.OOO,  which  ttnA  probablr  orlgliuted  the  lemi 
that  "  It  takes  a  gold  mine  to  make  a  gold  mine."  Thlt  la  jwacUeallj  tr 
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10 18  n.  kmg,  and  a  Utple-compartmeiit  shaft  rrom  Utolbtt.  long.    SlunH  at 

— Ul  ndnea  are  HBerallf  snuLller  than  thoae  at  coal  mlDes.  but  the  pnto- 

t  in  diOtoent  localiUea  varies  bo  Ihal  it  la  Impoaalble  to  give  general 


ju  that  wonld  lie  of  yalne. 

The  talde  on  opposiCe  page  givei  the  dimeoelomi  of  a  few  well-known 
dinfla  In  difibrent  localiUeg. 

Fonpslllf.— When  Uie  ground  la  bo  bod  that  it  will  not  stand  IM  aeretml 
dajB  betireen  excavation  and  the  completion  of  the  lining,  it  becoma 
mil  iiiiniij  to  carry  the  timber  to  the  bottom  of  the  work.  Thia  may  be 
MComplWied  by  diIdb  HUue-Bet  shaft  UmbeclDg  and  driving  latha,  or 
lOrapolIng  iiehlDd  the  umber  to  as  to  keep  tbe  soil  material  fTom  running 
Into  the  opening.  The  advantages  o(  forepoUng  ore  tiutt,  tf  the  shaft  Is 
being  lined  with  nnare  sets,  It  can  be  commenced  at  any  point,  and,  if  the 
gninnd  Is  not  too  bad,  the  vork  eon  be  conUnued  by  this  means  undl  solid 
material  Is  encountered.  When  the  ground  Is  particuiaiiy  bad.  It  may 
become  necessary  to  use  breast  boards,  which  ore  shnply  boards  braced 
against  the  bottom  of  the  shaft  so  as  to  keep  the  material  fVom  rising  into 
ue  opening,  only  one  boanl  at  a  time  being  removed  vhUe  the  matertal 
behlna  It  Is  excavated. 

In  particularly  bod  ETOund,  where  breast  boards  have  to  be  used,  tne 
{otnTSSS  made  is  very  aunr.  After  the  riiatl  has  been  pot  down  br  fore- 
baUng,  itliumetlmes  very  ditflcult  to  repair  or  replace  the  lining.  When 
ilie  forepoling  melbod  is  employed  Id  quicksand,  there  Is  coasidenkUe  risk 
of  losing  tbe  shaft  altocrelhei,  owing  to  sudden  rushes  or  "bolls"  of  the 
malerlaT that  throw  the  Bmberlng  out  of  Um  and  fill  ap  the  shaft 

Mstsl  Lislsf  I  Fsrssd  Dswn.— Metal  linings  Ibrced  down  without  the  use  of 
eompreased  ur  are  rarely  resorted  to,  though  in  some  coses  tbey  have  been 
quite  snccessfDI.    If  the  formation  contalnB  but  few  boulders,  it  is  some- 
times possible  to  fbrce  tbe  lining  down 
by  flushing  out  the  malerial  fhim  the  In- 
aaa  with  lets  of  water.    At  other  times. 
men  enterthe  shaft  and  excavate  tbe  mo- 
I    teriol  as  the  work  progrenea. 

ThefsssaBtlcnstliBilaf  shsflsl>liln(  was 

developed  from  the  system  in  use  for  pal- 

I    ting  down  Ibundations  fOr  bridge  piers, 

'    At  the  bottom  of  tite  shaft  there  (s  a  small 

chamber  called  a  cainon.  In  which  a  snlB- 

,    cient  all  pressure  Is  maintained  to  exclude 

'    the  water  at  all  times.   The  shaft  llnliu 

i    is  built  on  above  this  chamber,  and  grad- 

I    ually  fbrced  down  Into  the  toil.    Hen 

enter  the  chamber  and  excavate  ~ 

rial  from  under  the  eolnon  «s '' 

i>y  this  method  the  sinking  ..__ 

—  andlBGODttnnedwilbonllnlamip- 


Is  reqnited. 

tt  to  use  electric  lights  In  the 

•.aiDsoni  hence,  it  may  be  nsssMsry  to 

Via.  8.  install  a  small  dynamo  If  the  company 

does  not  have  an  eleetilo-Uriit  syslem 

In operationi.   In  the  pneumatic  system,  the  bottomoftheshan  Isalwus 

ezpomd  Co  view,  and  the  workmen  know  when  they  reach  a  solid  fonnoa- 

Uoti;  while,  in  the  IVeeilng  process,  it  is  sometimes  dlUcult  to  tell  to  what 

depths  the  pipes  should  be  sunlt  so  as  to  reooh  below  any  Sasnm  or  ssams  in 

the  bed  rock.    In  the  pneumatic  process,  the  Ane  material  Is  aaplrMed  out 

of  the  caisson  to  the  air  pressure.    The  pneumatlo  process  Is  Umlled  to  a 

depth  of  about  100  ft,  as  it  is  imposdble  for  men  to  work  under  a  greater  olr 

pseisnre  than  that  nhlob  conesponds  to  about  lOO  ft  of  bydroataUc  pressnra. 

By  the  trttilsi  pnstss,  pipes  are  sank  In  the  nonud  about  the  area  Co  ha 

([Men,  as  a  rule,  not  more  Ibon  B  or  i  ft  apart   The  lower  ends  of  the  plpM 
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are  sealed  or  closed,  and  an  inner  tube  introduced  so  that  a  freezing  mixture 
may  be  caused  to  circulate  down  through  the  inner  tube,  and  up  through 
the  outer  tube.  This  freezing  mixture  may  be  either  liquid  ammonia  gas, 
which  is  allowed  to  expand  in  the  outer  tube,  or  it  may  be  a  solution  of 
calcium  chloride  that  has  previously  been  reduced  to  a  very  low  tempera- 
ture by  means  of  an  ordinary  refrigerating  machine.  The  circulation  is 
maint€uned  in  the  pipes  until  the  ground  between  them  is  frozen  solid,  after 
which  the  work  may  be  continued  as  though  the  formation  were  soUd  rock, 
the  material  being  blasted  and  hoisted  in  buckets.  The  freezing  process 
may  be  applied  to  any  wet  formation,  whether  hard  or  soft,  while  the 
pneumatic  process  is  applicable  only  to  soft  formations.  The  freezing 
process  may  be  carried  to  practically  any  depth.  As  a  rule,  the  freezing 
pipes  are  never  sunk  inside  of  the  shaft  area. 

The  Kind'Chattdron  mathod  is  applicable  only  to  round  shafts,  and  is 
suitable  for  shafts  passing  through  very  wet  and  at  the  same  time  com- 
paratively soft  formations.  The  excavation  is  carried  on  by  means  of  a 
large  set  of  boring  tools  armed  with  steel  teeth,  and  operated  in  a  manner 
similar  to  that  employed  in  drilling  wells  by  the  percussive  system.  First, 
a  pit  or  shaft  4  or  5  ft.  in  diameter  is  drilled;  this  is  followed  by  a  reaming  bit 
that  enlarges  the  hole  to  the  desired  diameter,  or  the  work  may  be  accom- 
plished in  three  stages  by  using  two  reaming  bits.  The  material  removed  by 
the  first  bit  is  hoisted  out  by  means  of  a  sand  bucket,  or  sludger,  while  that 
removed  by  the  succeeding  tools  is  hoisted  out  by  buckets  that  are  placed 
in  the  bottom  of  the  first  pit  and  kept  there  while  the  tools  are  in  operation. 
No  water  is  pumped  from  the  shall  while  it  is  being  excavated  or  lined, 
and  hence  practically  all  the  tendency  that  the  sides  would  have  to  cave 
is  removed.  After  the  shaft  has  been  excavated  down  to  and  into  a  solid 
formation,  it  is  lined  by  lowering  cast-iron  tubbing  into  the  hole  and  making 
a  tight  joint  against  the  bottom  by  means  of  an  expansive  packing  that  is 
forced  out  by  the  weight  of  the  tubbing,  or  lining.  After  the  lining  is  m 
place,  the  space  between  it  and  the  sides  of  the  excavation  is  fillea  with 
cement.  When  the  cement  is  thoroughly  hardened,  the  water  is  i)umped 
from  the  inside  of  the  lining,  and  men  descend  and  examine  the  ioint  at 
bed  rock.  In  this  method,  no  workmen  enter  the  shalt  until  it  is  lined 
through  the  troublesome  formation. 

Long-Hola  Process.— The  long-hole  process  consists  in  the  drilling  of  a 
series  of  diamond-drill  holes  over  the  area  of  the  proposed  shaft,  then  filling 
the  holes  with  £and,  after  which  the  work  progresses  by  removing  the  fin^l 
5  or  6  ft.  of  saud  from  the  holes  in  the  interior  of  the  aaaft^  charging  these 
holes  with  explosives,  and  firing  them  by  electricity,  hiext,  the  holes 
around  the  boundary  of  the  shaft  are  charged  and  fired  In  the  same  manner, 
and  the  process  is  continued  until  the  bottoms  of  the  diamond-drill  holes  are 
reached.  This  method  is  especially  applicable  to  work  in  hard  rock,  where 
great  speed  in  sinking  is  desired,  for  all  the  drilling  is  accomplished  at  one 
operation,  after  which  the  sinking  progresses  by  simply  cleaning  out  the 
drill  hole  and  blasting  the  material. 

General  Comparison  off  Methods  of  Shaft  Sinking.— Where  a  ^aft  is  sunk  by 
forepoling,  it  is  usually  made  rectangular  in  form.  The  pneumatic  method 
may  he  used  for  either  round  or  rectangular  shafts,  and  the  lining  may  be 
either  of  metal  or  wood.  The  freezing  process  may  be  used  for  either  round 
or  rectangular  shafts,  and  the  lining  may  be  either  timber,  metal,  or  masonry, 
as  the  entire  opening  can  be  left  open  until  the  solid  rock  is  reached,  when 
the  lining  can  be  built  upon  it.  Tne  Kind-Chaudron  method  is  applicable 
only  to  round  shafts,  on  account  of  the  fact  that  the  hole  is  bored.  The 
longf-bole  process  is  applicable  to  either  round  or  rectangular  shafts,  but  was 
originally  introduced  lor  sinking  rectangular  shafts. 

Sinking  Head-Frames.— Head-frames  of  very  simple  form  are  used  for  sink- 
ing. The  skeleton  of  the  frame  is  formed  of  heavy  squared  timber  (ICK'XIO" 
or  12"X12").  mortised  and  pinned  together,  and  braced  by  diagonal  braces. 
A  good  height  fW)m  the  surface  to  the  center  of  the  sheave  is  from  20  to  25  ft. 
The  sheave  should  be  from  6  to  8  ft.  in  diameter.  The  sinking  bucket  should 
be  of  boiler  iron,  or  of  heavy  hard  wood  strengthened  by  iron  bands,  about 
3  ft.  in  diameter  at  the  top  by  from  2i  to  3  ft.  deep.  It  should  be  suspended 
by  a  handle  pivoted  a  trifle  below  the  center,  and  it  should  have  a  pin  on 
the  rim  of  the  bucket  that  will  hold  it  in  an  upright  position  when  a  loose 
ring  on  the  handle  is  slipped  over  it.  A  chain  fastened  to  the  top  of  the 
hecul-frame,  with  a  hook  on  its  loose  end,  is  suspended  so  that,  when  hans- 
ing  plumb,  it  is  over  a  chute  leading  to  the  dump  car.    As  the  bucket  u 
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hoisted  out  of  the  shaft,  this  chain  is  attached,  and  the  engine  revened. 
The  bucket  swings  over  the  chute,  the  ring  holding  it  upright  is  knocked  off 
the  pin,  and  the  rock  is  dropped  into  the  chute.  Roclcs  too  ian^e  for  the 
bucKet  are  suspended  in  cheans  and  are  hoisted  in  that  way,  ana  removed 
on  a  truck  that  runs  on  a  track  inside  of  the  head-frame,  the  gauge  of 
wliich  is  sufficiently  wide  to  give  plenty  of  clearance  for  the  buckei. 

Sinking  Enginai.— Most  shafts  and  slopes  are  sunk  with  old  engines,  or 
else  by  engines  especially  designed  for  such  work,  and  so  constructed  that 
they  can  easily  l>e  moved  from  place  to  place.  In  some  cases  where  an  old 
engine  can  be  readily  had,  it  is  set  up  on  temporary  timber  foundations  and 
used  until  the  shaft  or  slope  is  finished,  when  it  is  replaced  bv  the  perma- 
nent engines,  and  the  old  one  is  dismantled  and  disposed  of  to  the  best 
advanti^e. 

Tools.— The  old  method  of  hand  drilling  is  still  adhered  to  in  many 
instances,  but  it  is  gradually  giving  way  to  machine  drillincr,  especially  in 
deep  shafts.  When  properly  managed,  the  work  is  done  mucn  more  rapidly 
and  economically  by  the  several  excellent  types  of  rock  drills  now  on  the 
market.  They  are  constructed  in  a  variety  of  shapes  by  the  makers,  and 
th^e  are  so  many  convenient  accessories  in  the  shiape  of  fittings,  etc.  that 
all  contractors  prominent  in  the  various  coal  fields  possess  one  or  more  of 
tJieir  favorite  type  of  drills.  These  drills  are  run  either  by  compressed  air, 
steam,  or  electric  power,  and  in  large  shafts  two  are  usually  employed,  so 
that  work  may  not  be  delayed  by  a  breakdown  of  one  drill.  The  center  or 
one  side  of  the  shaft  is  usually  kept  in  advance  of  the  rest,  so  as  to  fhmish 
a  sump  for  thQ  collection  of  the  water,  ^e  holes  are  drilled  from  3  to  6  ft 
ai>art,  and  the  depth  varies  with  the  character  of  the  rock.  When  a  suf- 
ficient number  of  holes  are  drilled,  the  drill  is  removed,  and  a  cartridge 
made  of  dynamite,  dualine,  or  some  other  iOrm  of  high  explosive  is  tamped 
in  each  hole.  These  are  all  fired  simultaneously  by  an  electric  battery, 
detonating  caps  being  placed  in  each  charge. 

To  keep  the  shaft  the  required  shape,  if  rectangular,  a  plumb-bob  is  sus- 
pended in  each  comer,  either  firom  the  fiooring  on  top,  or  fh>m  a  beam  laid 
across  the  cribbing,  and  these  guide  the  miner  in  squaring  the  comers  and 
sides.  If  the  shanisa  circular  one,  a  plumb-line  is  let  down  in  the  center, 
ftom  time  to  time,  and  a  rod  cut  the  exact  radius  is  revolved  around  it.  If 
it  strikes  the  rib,  the  miner  knows  that  at  that  point  the  shaft  is  not  true. 

Driinif  •  and  Ventilition.— When  only  a  small  amount  of  water  is  encoun- 
tered while  sinking,  the  best  plan  Is  to  allow  it  to  collect  in  a  depression  and 
1>ail  it  fi'om  there  into  the  bucket,  hoisting  it  the  same  as  the  rock.  Where 
l^e  water  is  excessive  in  quantity,  a  steam  pump  is  necessary.  All  the 
leading  pump  works  make  pumps  especially  designed  for  sinking  purposes, 
and  it  is  not  m  the  province  of  this  work  to  mention  the  advantages  pos* 
sessed  by  one  over  tne  other. 

When  the  shaft  is  of  moderate  depth,  a  fire  burning  in  one  comer  will 
supply  ample  ventilation.  To  rapidly  clear  away  smoKe,  a  good  plan  is  to 
bum  a  bundle  of  straw  or  shavings  in  one  end  of  the  shaft,  ana  throw  a 
couple  of  buckets  of  water  down  the  other  end.  When  the  shaft  is  very 
deep,  or  when  the  sectional  area  is  small,  ventilation  is  produced  either  by  a 
stecuoi  jet,  or  by  a  small  fietn  turned  either  by  steam  or  by  hand.  In  some 
cases,  a  fire  is  used  that  draws  into  a  board  pipe. 

Speed  and  Cost  of  Sinking.— Any  attempt  at  a  general  estimate  regarding 
the  speed  and  cost  of  sinking  is  impossible,  for  many  reasons  appreciated  by 
the  practical  miner.  Shafts  vary  so  much  in  size,  and  in  the  character  of  the 
material  through  which  they  pass,  that  even  if  there  were  no  other  items  to 
be  considered,  a  general  estimate  could  not  be  made.  But  if  the  ground  is 
pretty  well  known,  and  the  sectional  area  and  the  depth  given,  the  experi- 
enced contractor  knows  how  much  he  can  drive  in  a  given  time,  and 
he  can  consequently  form  a  ^ood  estimate  for  each  separate  shaft.  The 
ranare  of  cost  is  so  great  that  it  may  be  anywhere  ttam  SI  to  $10  per  cubic 
yara  of  material  excavated. 

Slope  Sinking.— A  slope  is  an  inclined  plane  driven  down  on  the  bed  of  the 
seam,  and  is  generally  through  coal  or  ore,  though  sometimes  they  are 
driven  through  rock  across  measures  to  cut  the  seam  that  cannot  be  conve- 
niently worked  by  a  slope.  In  the  latter  case,  it  is  merely  an  "inclined 
tunnel."    In  the  former  it  might  be  termed  an  "inclinea  gangway." 

A  slope  and  an  inclined  plane,  when  mentioned  hereafter,  will  mean  an 
inclined  opening  in  coal  or  ore,  used  as  a  passageway  for  mine  cars. 

When  the  location  of  the  slope  has  been  decided  on,  erect  a  temporary 
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sinldiur  plant;  an  old  engine  is  generally  need.   For  a  diort  digtance,Tarylng 
with  the  nature  of  the  ground,  but  usually  ranging  from  10  to  20  ft.  on  the 

Eitch,  an  open  cut  is  made,  and  the  earth,  rock,  or  crop  coal  is  thrown  oat 
y  hand.  As  soon  as  sufficient  cover  is  reached,  the  work  of  undermining 
and  timbering  is  commenced,  and  at  the  same  tame  a  double  or  single  track 
is  laid,  so  that  the  material  can  be  taken  out  in  a  car  or  self-dumping  skip. 
When  the  latter  is  used,  the  track  is  continued  up  a  trestle  some  distance 
above  the  surface,  and  a  head-sheave  so  placed  as  to  draw  the  skip  np  the 
required  distance  and  dump  the  material  in  a  chute  beneath  the  Irestling. 

The  width  of  the  slope  depends  on  the  size  of  the  cars  and  the  number  of 
compartments.  The  most  common  arrangement  is  to  divide  the  slope  into 
three  compartments;  two  large  ones  for  hoistways,  and  a  smaller  one  for 
pump  rod,  column  pipe,  steam  pipe,  and  traveling  way.  This  last  is  also 
used  as  an  airway  wmle  sinking  is  going  on. 

In  some  instances,  slopes  have  out  one  hoistway,  laid  with  three  rails 
and  a  turnout  at  the  midole  of  the  hoist,  and  some  have  single  track  witJ^  a 
central  turnout.  This  may  be  economy  in  first  cost,  but  is  not  in  the  long 
run.  Collisions  are  apt  to  occur,  and  the  breaking  of  a  rope  or  the  falling  m 
coal  from  an  ascending  car  is  apt  to  cause  more  damage  than  when  two 
compartments  are  used. 

\vhen  several  lifts  are  simultaneously  worked,  a  single-track  slope  is 
used;  but  unless  the  pitch  is  light  and  several  cars  can  be  hoisted  at  once, 
this  method  produces  a  comparatively  small  output. 

When  the  dip  of  a  slope  is  under  40°,  the  height  of  the  slope  should  be 
about  7  ft.  in  the  clear.  When  tljie  slope  dips  more  than  40^,  unless  sel^ 
dumping  skips  or  gunboats  are  used,  a  cage  is  necesffiry,  and  then  the 
height  must  be  made  greater. 

The  sinking  of  a  slope  is  similar  to  gangway  driving,  and  the  tracks  and 
timbering  are  Kept  well  up  to  the  face. 

The  timbering  is  very  amilar  to  gangway  timbering,  except  that  squared 
timber  is  more  frequently  used  (but  it  is  not  necessary)  and  the  Joints  are 
cut  with  more  care.  On  steep  pitches,  a  heavy  "  mud  sill "  is  let  into  the  rib 
on  each  side,  to  prevent  the  road  from  slipping  down  the  pitch. 

The  Sump.— Wnen  the  shaft  or  slope  is  completed,  among  the  first  things 
necessary  is  a  sump  in  which  to  collect  the  drainage  of  the  mine.  This  is  an 
opening  lower  in  tne  vein,  when  it  is  a  pitching  one,  or  in  the  rock  when  it 
is  a  flat  seam  reached  by  a  shaft.  It  should  be  large  enough  to  hold  any 
excess  of  water  that  the  pumps  cannot  handle;  and  the  pumping  machinery 
should  be  powerftil  enous^h  to  handle  the  ordinary  drainage  by  running  not 
over  10  hours  per  day.  When  this  is  the  case,  in  an  emergency,  the  pumps 
can  be  run  continuously,  and  thus  handle  the  surplus  water. 

Driving  the  Gangway.— In  bituminous  coal  seams,  the  height  of  the  gangway 
is  governed  by  the  tmckness  of  the  seam,  and  this  is  also  true,  in  a  certain 
sense,  in  the  anthracite  regions.  But  in  the  anthracite  regions  they  are  very 
seldom  less  than  6  ft.  in  height.  In  the  larger  seams  they  are  from  6  ft.  6  in. 
to  7  ft.  6  in.  high  in  the  clear,  and  from  10  to  15  ft.  wide.  The  gauge  of  track 
varies  from  24  to  48  in.  The  grade  should  rise  at  least  4  in.  in  100  ft,  and 
a  gutter  3  ft.  wide  by  18  in.  deep  should  be  cut  in  the  coal  on  the  low  side. 
This  gutter  Should  be  a  gutter,  and  not  a  receptacle  for  refUse.  There  is  no 
economy  in  a  shallow  gutter,  or  in  neglecting  it  because  it  costs  a  few  cents 
a  day  to  keep  it  open.  Some  authorities  advise  a  rise  of  from  6  in.  to  1  ft  in 
every  100  ft.,  but  they  evidently  do  not  take  into  consideration  that  so  great 
a  rise  means  a  loss  of  from  26  to  53  ft.  in  lift  at  the  end  of  a  gangway  a  mile 
long,  or,  in  other  words,  in  the  loss  of  from  68,000  to  137,000  sq.  ft  of  the  area 
of  coal  to  be  reached  by  the  gangway.  This  applies  to  pitching  seams. 
Where  the  seam  is  flat,  or  nearly  so,  the  gangway  must,  of  course,  be  driven 
on  a  grade  that  best  suits  the  formation.  Turnouts  constructed  on  each  side 
of  the  shaft  or  slope,  of  a  suitable  length,  are  a  necessity,  if  the  slope  or  shaft 
is  to  be  kept  constantly  supplied  with  coal.  These  turnouts  vary  in  length, 
depending  on  the  len&rth  or  the  cars,  and  the  niunber  necessary  to  keep  the 
machinery  in  motion  Between  trips.  They  should  be  wide  enough  to  allow 
at  least  3  ft.  in  the  clear  between  the  bodies  of  the  cars;  5  ft.  is  even  better. 
When  possible  to  avoid  it,  there  should  be  no  center  props  between  the 
tracks. 

Levela  in  Metal  Mines.— The  cross-section  of  the  level  depends  largely  on 
the  character  of  the  ore  mined,  and  the  desired  output  from  the  dep<Mit  In 
the  case  of  precious  metal  mines,  producing  high-grade  mineral  ftom  narrow 
veins,  the  levels  are  driven  as  small  as  possible,    unmediately  adjointog  the 
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dtb  or  the  ihaR.  ThlilihMvilir 
■\  but.  w  s  mle.  tha  levels  baTS 
Is  but  a  single  truck  at  tbeihaft, 
I  n  short  dlnance  tmm  the  shaft. 
IT  would  probably  be  theaven^ 
poolble.  In  the  case  of  mloei 
luDS  hearr  tonnagei  ftom  large 
.  and  copper  mines,  the  lerets  are 
Liuble-traoked,  betiig  tnaa  T  ft.  to 
wide  Inside  tuuben;  but,  even  In 
ck  levels  7ft.XTn.to8ft.X8n. 
T  pudng  ptdnts  at  intervals,  and 
evela  we  usnally  driven  with  ■ 
ther  irill  drain  to  the  shaft,  and 
r.  In  ■one  mines  where  electric 
driven  that  (he  motor  maltes  a 
tbot-wall  In  one  direction,  and 
le  of  the  drifts  may  be  In  the 
nplof  ed  only  In  large  properties 


■Islsftinnsli  are  tunallr  of  imall  oion^ectlon  compared  with  tboM  that 

occur  In  railroad  work.  It  being  rare  that  their  size  Is  such  Chat  th^  cannot 
be  driven  In  ftUl  section,  and  u  the  ground  Is  firm  the  operation  of  placing 
the  lining  may  follow  behind  the  work  of  driving.  They  are  generally 
lined  with  timber,  and  In  case  the  gronnd  Is  of  a  soft  or  cieacheroos  nature, 
bridged  square  sets  and  fbrepoling  are  employed,  with  or  without  breast 
boards,  as  the  necessity  of  the  case  demands.  When  the  material  Is  Arm 
rock,  the  tunnel  U  somethneB  not  lined,  the  roof  being  given  an  arched 
form.  The  various  fbrms  of  Umbering  employed  as  tunnel  linings  are 
shown  In  (he  sections  on  Timbering. 
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the  workmen,  thus 
resBon,  pine  and  Br 
line  a  tUr  amount 
earning  long  befbre 


of  Ttmbwt.— The  ebaractei  of  the  ventilation  in  a  mine  has 

considerable  eftect  on  the  Uib  of  any  timber  supports.  Damp  stagnant  air 
will  cause  mold  and  fungus  nowUi.  which  will  be  followed  by  the  destruc- 
tion of  the  Umbet  Oinmgh  decay  or  dry  rot.  All  dmbered  openings  should 
be  well  ventilated,  and  provlaloii  made  fbr  the  speedy  removal  of  damp  hot 
alr^ch  as  commonly  occurs  around  pomp  rooms  and  along  steam  lines. 

Water  Is  a  good  preservative,  as  It  washes  off  the  spores  of  the  fungi  as 
fast  as  they  are  formed,  and  somctfmcs  shaft  timbers  are  kept  wet  on 
account  of  (he  preservative  action  of  the  water. 

Timber  may  be  also  preeerred  (1)  by  a  solution  of  common  salt  and 
water;  (2)  by  Impregnating  the  wood  with  such  melalUo  eulBiances  as  sul- 
phates of  copper.  Iron,  etc.;  (3)  tiy  Impregnation  with  tlio  chloride  of  mag- 
Dcaliun  or  sine;  (4)  by  creoaoting;  (6)  by  coal  t&r;  (G)  by  carbollnenm. 

A  solution  of  1  lb.  of  salt  In  4  or  6  gal,  of  water  gives  a  cheap  and  eadly 
applied  [ffesetvatiTe  with  wbicb  the  Umber  ehould  be  tboroughly  soakeo. 
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Sulphate  of  Iron  is  economical  and  effective.  In  the  zinc  process,  a  solution 
of  1  gal.  of  liquid  chloride  of  zinc  (Sp  Gr.  1.5)  mixed  with  35  gal.  of  water 
is  fofced  into  the  wood  by  pressure.  Impregnation  with  crude  creosote 
oil  is  effective,  but  it  has  the  disadvantage  of  making  the  timber  very 
inflammable.  Creosote  acts  in  a  threefold  manner:  (1}  It  fills  the  pores 
and  prevents  saturation  by  water;  (2)  it  destroys  organic  life;  (3)  the  car- 
bolic acid  that  it  contains  coagulates  the  albuminoids  and  prevents  decay. 
Painting  with  liquid  tar  is  effective,  but  makes  the  wood  verv  inflammable. 
Painting  with  ordinary  whitewash  is  also  said  to  ^ve  good  results.  Car- 
bolineum  is  said  to  be  effective,  but  is  quite  expensive.  It  is  applied  with 
a  brush,  or  by  steeping  in  a  tank;  1  gal.  will  cover  300  to  400  ft.  of  timber. 

Professor  Louis,  of  England,  has  shown  that  preservatives  decrease  the 
strength  of  timber  ftx>m  ^  to  20?^,  depending  on  the  process  used. 

The  following  table  gives  the  results  of  tests  made  by  different  methods 
of  treating  wooaat  Saint  Elroy,  France,  and  recorded  in  1890: 

Tests  of  Pbbsebyatiyes  fob  Mine  Timber. 


Name  of  Preservative. 


Tar 

Chloride  of  zinc 

Sulphate  of  copper. 
Sulphate  of  iron  .... 
Creosote  


Relative  Preservative  Effect 

Oak. 

Fir. 

Pine. 

Beech. 

Birch. 

27.8 

268.5 

87.5 

105.4 

26.2 

10.5 

50.0 

26.3 

18.6 

52.5 

42.1 

12.0 

8.0 

1.8 

2.5 

18.0 

12.5 

4.2 

4.7 

3.7 

1.7 

2.5 

4.4 

0.6 

3.3 

Poplar. 


150.5 

84.7 

15.5 

2.9 

1.8 


The  simple  removing  of  the  bark,  under  some  circumstances,  seems  to  be 
advantageous,  but,  in  some  woods,  if  the  bark  is  removed,  the  sap  wood 
should  also  be  removed.  In  many  cases,  the  sap  wood  of  coniferous  trees 
is  as  strong  or  stronger  than  the  heart  wood,  and  for  this  reason  it  should 
not  be  removed.  Also,  in  the  case  of  many  coniferous  trees,  the  bark  seems 
to  act  as  a  protection  to  the  timber  in  the  underground  workings.  If  it 
becomes  necessary  to  reduce  the  size  of  the  individual  sticks,  it  is  usually 
better  to  split  them  than  to  saw  them,  especially  in  the  case  of  wood  fh)m 
coniferous  trees,  as  this  does  not  destroy  tne  sap  wood  or  unduly  iniure  the 
grain  or  fibers  of  the  stick.  Generally  speaking,  mine  timbers  last  longer 
when  kept  wet,  and,  on  this  account,  some  of  the  mines  in  Europe  have 
introduced  a  system  of  pipes  for  spraying  the  timbers  in  dry  portions  of  the 
mine.  When  timbers  are  alternately  wet  and  dry,  they  are  destroyed  wiUi 
amazin&r  rapidity.  Timber  should  be  probed  fit)m  time  to  time  to  ascertain 
its  condition,  as  timbers  may  appear  sound  on  the  outside  when  the  heart  is 
completely  destroyed  by  dry  rot.  In  selecting  props,  the  principal  points  to 
be  observed  are:  Straightness,  slowness  of  growth  as  indicated  by  narrow 
annular  rings,  fi-eedom  fW>m  knots,  indents,  resin,  gum,  and  sap.  They 
should  also  be  well  seasoned  before  use.  With  these  precautions  and  proper 
mine  ventilation,  fungus  growth  may  generally  be  obviated  and  durability 
insured. 

Placing  of  Timber.— The  individual  sticks  should  never  be  weakened  bv 
cutting  mortise  and  tenon  joints.  The  pressure  should  be  evenly  distributea 
over  a  number  of  sticks,  and  not  concentrated  or  centered  at  one  point. 
Centers  of  revolution  should  be  avoided.  The  individual  sticks  should  be 
placed  in  the  direction  of  the  strain  that  they  are  to  resist,  so  that  they  will 
be  subject  to  compression  along  their  len^n  rather  than  to  a  transverse 
strain.  The  individual  sticks  should  be  so  placed,  and  the  joints  so  formed, 
that  the  pressure  tends  to  strengthon  rather  than  weaken  the  structure  up  to 
the  crushing  strength  of  the  timber.  In  the  case  of  large  stopes,  the  timSer- 
ing  should  be  done  according  to  some  regular  system,  while,  at  the  face  of 
coal  mines,  single  props  or  posts  are  usually  found  better,  owing  to  the  fact 
that  their  duty  is  only  to  support  the  loose  portion  of  the  roof  for  a  limited 
time.  Probably  the  most  important  point  is  to  timber  in  time,  before  the 
rock  becomes  broken  or  begins  to  settle. 


MINE  TIXBSB  AXD  TIMBEBma. 

It  Beemi  Eenei»lly  amed  thai  the  nisln  weight  in  mines  cc 
rl^bt  Bugles  Vi  Uie  b«<iatng,  and  that  the  props  should  be  nuL 
direction.  If  the  deposit  Is  horizontal,  Che  weight  generally  C01 
'  but  If  the  deposit  is  fnellned,  the  weight  comes  eX  a  right  angle 
Uon.  Some  Buthoritles  hold  it  as  a  principle  that  all  props  she 
rectaPBle  agaiuM  the  malti  preKUre.  Others,  in  order  Ui  i 
poealbteildethruetaaiidatenaene]'  of  the  ordinary  weight 

in  inclioed  deporits,  purposet; -..-  —  - 1  —  . 

sliriitl;  devtating  from  the  comi 

^wjrer  flz«a  a  maximQm  anc 

thei«l«of  dli      "        ■       ■  - 


.fficienl  number  of  p 

LWjrer flz«a amaximQm and  minlinum  slope  for  the  props, 
the  isto  of  dip.  He  makes  this  maximum  slope  of  the  props  ( 
of  (he  dip,  and  the  minimum  slope  one-Uiird  of  the  one-six Ai. 


Props  are  ueuall;  Bet  with  thebiitt  end  downwards, 

Ing  the  butt  end  upwards  adds  a  trifle  (o  the  weletit  on  the  li 
the  larger  site  at  the  lop  should  lesseii  the  liabiuty  of  its  bel 
coupling  resting  on  it,  and  also  jlTes  more  surface  for  ibrasioi 
Ing  up  agalDM  a  rough  roof.  Both  ways  may  therefore  hav 
according  lo  the  drcnmstancea.  The  butt  end  downwuds,  v 
latlng.  Is  the  way  Moleaworth  recommends  for  stocking. 

Slit  ef  Tlmtiar.— The  general  tendency  at  all  metalmlnes 
toward  the  use  of  systematic  frames  com  poeed  of  small  slsesof  i 
than  toward  the  use  of  large  individual  stlcka.  The  advantaet 
small  amber  is  cheaper  ana  easier  to  procure;  (2)  it  is  easlrau 
beuce  costs  less  to  place  in  poslcion.  By  making  the  frameB 
some  regular  i^stem,  the  individual  sticks  can  be  framed  on  I 
machinery  so  that  better  Joints  are  seciire<t.  The  setting  of  t 
done  by  le«  experienced  help  when  it  Is  all  alike. 

Jslati  In  HKie  Tlmbsrlni.-tn  ail  mine  timbering,  the  object 
the  joints  that  no  fBsteiilngs  will  be  ncoessary  and  that  the 

Eleces  will  be  such  that  the  pressure  Itvm  the  surrounding 
eep  the  joints  tleht.  The  reason  Ibr  this  is  that  any  metal . 
corrode  rapidly  fii  mines,  and  tiiat,  when  It  becomes  neceest 
timbering,  this  can  be  done  with  greater  ease  if  the  sticks  i 
that,  by  relieving  them  temporarily  of  the  pressure  Horn  the 
they  can  be  simply  lifted  out  of  place  and  new  ones  substitu 
of  a  ft'amlng  machine  renders  It  possible  to  flame  the  Joints 
than  with  hand  framing.  With  hand-framed  limbers,  the  loir 
cut  a  little  free  to  allow  for  any  unevenness  in  the  surface,  bu 

the  direction  of  its  grain,  it  Is  evident  that  where  the  posti 
caps  shrink  slightly,  they  will  become  loose  in  the  space  betwt 
ders;  hence,  if  timbers  are  cut  green  and  frajned  to  the  exaj 
quent  shrinking  roay  open  some  of  the  Joints.  This  may  bt 
Keepli^  the  Umber  molsC 

The  method  of  taking  timbers  into  a  mine  depends  on 
number  of  timbers  used  and  on  the  character  of  the  openlngi 
In  drift  or  tunnel  mines.  Umbers  are  sent  In  on  flat  cars  built 
the  purpose,  or  in  the  r^lar  mine  cats.    In  vertical  shafts,  tbi 


stood  on  end  on  the  floor  o(  the  csge.  and  lashed  together  ai 
supports  of  the  cage.  Where  the  opening  Is  an  Incline,  It  is 
OTactice  to  load  the  timbers  Into  a  slip  and  thus  lower  them  ' 
timber  shoald,  whererer  ponlble.  be  framed  on  the  surface. 


UaisristtliM  at  Pr«^.-^^ps  at  the  working  face  should 
right  angles  to  the  Inclined  floor  of  the  seam,  but  should  be  i 
the  greater  the  IncllnaUon,  the  greater  (he  underset.  The  amo 
set  sboold  vary  with  the  inclination  of  the  seam,  and  shot 
great  that  the  props  will  &II  out  before  the  roof  has  tightene 

Fems  sf  Mlii  Tlmbsrlnf  sid  UndsrarsuiMl  SiPliorti.—Tbe  timber 
may  be  divided  Into  two  heads:  (1)  timbering  the  working  fi 
bering  the  roads. 

The  roof  may  be  supported  (a)  by  packing  the  waste  pi 
where  snfflcient  malerial  is  obtainable  for  the  purpose,  and  t 
fkces  and  roads;  {ti)  by  partially  packing  the  waste,  by  build 

Elllarswlth  Intervening  spaces,  and  by  timbering  the  face  ai 
y  timbering  the  face  and  roads  and  supportingther-"-  -"-- 

uiy  packs 
:k  arching. 
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The  accompanyiiig  plates  include  all  the  oommon  forms  of  mine  timber* 
i]]£[and  underground  mpports. 

jBlflT.  1  shows  a  post  a  and  breast  oap  6.  The  Iweast  cap  h  is  also  sometimes 
callea  cap,  hcadrOlock,  headboard,  lid,  or  bonnet.  Sometimes  the  posts  are 
placed  upon  blocks  of  wood  similar  to  the  head-blocks  or  headbctftrds,  the 
block  beone  c^ed  a  9ole;  at  other  times,  two  or  more  posts  may  be  set  upon 
one  lon^  block  of  timber  called  a  9iU.  When  posts  are  used  in  inclines, 
they  should  not  be  set  perpendicular  to  the  foot  and  hanging  walls,  but 
should  be  underset  slightly,  so  that  any  tendency  of  the  hanging  wall  to 
seUle  will  bring  the  posts  nearer  at  right  angles  to  the  walls,  and  so  tighten 
them;  the  amount  of  underset  should  never  be  more  than  one-slxtn  the 
pitch  of  the  deposit.  Where  posts  are  set  at  an  angle,  they  are  usuallv 
placed  on  wedges,  and,  as  the  pressure  comes  on.  the  wedges  are  tightened. 

Fig.  2  represents  a  stufi  a.  which  is  used  either  to  keep  the  walls  of 
perpendicular  or  steeply  inclined  beds  or  veins  apart,  to  support  planking 
or  lagging  as  a  working  platform,  or  as  a  platform  upon  which  to  pile 
ore  or  rooL. 

Fig.  3  represents  oookermegs,  which  are  simply  timber  frames  employed 
in  coal  mines  for  holding  the  face  of  the  coal  in  place  while  it  is  b^ns 
undercut.  They  are  composed  of  a  pole  e  extending  along  the  fiice  and 
supported  by  short  stulls  or  braces  a,  the  whole  being  tightened  into  place 
by  the  long  stulls  b. 

Fig.  4  shows  a  orib,  oog,  ohoek,  pillar,  or  shanty  built  up  of  timbers  and 
filled  with  waste  rock.  It  is  intended  to  serve  as  a  pillar  and  to  withstand 
great  vertical  pressure,  doing  away  sometimes  with  the  necessity  of  leaving 
pillars  of  ore. 

Fig.  7  is  a  cribbing  fhuned  fix)m  round  timbers  laid  skin  to  skin,  and  used 
in  raises  or  ore  chutes. 

Gangway  or  Lovel  Timbers.— Fig.  5  is  a  set  employed  in  the  case  of  an  extra- 
wide  gangway,  there  being  a  center  post  under  the  middle  of  the  cap.  This 
form  of  set  may  be  provided  with  a  sill  when  the  floor  of  the  drift  or 
gangway  is  soft 

Fig.  6  shows  a  form  of  drift  set  surrounded  by  bridging  and  used  where 
such  Dad  ground  is  encountered  as  to  necessitate  forepoling.  A  are  the 
posts,  B  the  caps,  and  C  the  sill  of  the  regular  set;  D  are  upright  bridge 

Sieces;  E  a  horizontal  bridge  piece  separated  fh>m  the  set  proper  by  blocks 
^  so  as  to  provide  spaces  H  around  the  regular  set  through  wmch  the  spiles 
or  forepoles  can  be  driven. 

Fiff.  8  shows  a  form  of  drift  set  sometimes  employed  in  very  heavy  or 
swelling  ground.  This  method  of  framing  the  timbers  shortens  each  piece 
and  reduces  the  transverse  strain  on  all  the  timbers. 

Fig.  9  shows  an  ordinary  drift  set  provided  with  a  sollar  fbr  ventilation 
purposes.  An  additional  brace  b  is  placed  parallel  to  the  cap  c,  and  this  is 
covered  with  plank  lagging  a,  so  as  to  provide  a  passage  above  the  regular 
drift,  which  may  be  used  as  a  return  air-course. 

Fifir.  10  is  a  simple  form  of  drift  set  employed  when  the  roof  and  walls  are 
of  soft  material,  but  the  floor  material  firm.  It,  is  composed  of  posts  2,  upon 
which  is  placed  the  cap  e.  The  joggle  cut  into  the  cap  to  receive  the  h^ids 
of  the  post  should  never  be  less  than  1  in.  nor  more  Uian  one-third  the 
thickness  of  the  cap.  The  cap  is  usually  made  of  such  a  length  that  the 
IKMSts  I  have  an  inclination  or  batter  as  shown  in  the  illustration,  thus  giving 

S eater  strength  to  resist  side  pressure  without  decreasing  the  floor  area^ 
e  drift,  which  may  be  necessary  for  drains,  ditches,  water  pipes,  etc.  at  the 
sides  of  the  track.  When  the  floor  is  not  composed  of  solid  material,  the 
posts  I  may  be  set  upon  a  sill  that  is  firamed  to  fit  the  legs  in  a  manner 
similar  to  that  shown  for  the  cap.  The  joggle  cut  in  the  sill  should  never  be 
less  than  1  in.  nor  more  than  one-third  the  thickness  of  tiie  sill.  Tlie  sill  is 
usually  composed  of  lighter  material  than  the  cap,  is  flattened  on  one 
or  both  sides,  and  is  sometimes  used  as  one  of  the  ties  to  receive  the 
track. 

Fig.  11  shows  a  post  {  and  the  cap  or  eollar  c,  used  where  one  wall  is  of 
firm  material.  On  one  end  the  cap  is  placed  in  a  hitch.  When  the  collar 
is  supported  in  a  hitch,  it  is  sometimes  said  to  be  needled,  the  operation  being* 
called  •*  needling."  Tne  bottom  of  the  post  a  is  also  secured  in  a  hitch,  in 
case  there  is  any  side  pressure.  To  keep  the  surrounding  material  in  place, 
lagging  is  necessary,  as  shown  behind  tne  timbers  in  Figs.  6, 10,  and  11.  In 
the  case  of  running  ground,  the  lagging  is  usually  made  from  sawed  "v^J^ffllri 
and  driven  close  together. 
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Fig.  18  illustrates  a  method  of  spiling  or  forepoling .  a  are  the  posts  of  the 
regular  set,  6  the  caps,  and  e  the  top  bridging.  The  front  ends  of  the  spiles 
from  any  ffiven  set  rest  on  the  bndeing  of  the  next  advanced  set,  ana  the 
spiles  for  aavancinfir  the  work  are  driven  between  the  bridging  and  the  set, 
as  shown  in  the  illustration.  To  force  the  spiles  out  into  Uie  ground,  so  as 
to  provide  room  for  the  placing  of  the  next  set,  taH-pieces  i  are  employed; 
these  are  placed  behind  the  back  end  of  the  spiles  as  they  are  being  driven. 
After  the  spiles  have  been  driven  forward  the  desired  amount,  another  set 
is  placed,  the  tail-pieces  knocked  out,  and  the  front  end  of  the  spiles  allowed 
to  settle  aeainst  the  bridging  of  a  new  set.  Where  the  face  is  composed  of 
extremely  bad  material,  it  may  be  necessary  to  hold  It  in  place  with  breasi 
boards,  as  shown  at  t,  the  breast  1x)ards  being  held  in  place  oy  props  i,  which 
rest  against  the  forward  set.  When  breast  boards  are  used,  it  is  usually 
necessary  to  employ  foot  and  collar  braces  between  the  sets,  so  as  to  transfer 
the  pressure  of  me  oreast  back  through  several  sets. 

Fig.  14  shows  a  method  of  placing  drift  sets  in  the  case  of  very  heavy  or 
swelmie  ground,  a  are  the  posts,  c  the  sills,  b  the  caps,  d  are  the  collar 
braces  that  bear  against  both  the  caps  and  the  posts,  while  e  are  foot  or  hed 
braces  that  bear  against  both  the  sills  and  the  posts;  /are  diagonal  braces  that 
are  halved  together  and  placed  as  shown. 

Shaft  Timbering.— Fig.  12  shows  square-set  timbering,  sometimes  employed 
for  shaft  lining.  A  are  the  wall  plates,  B  the  end  plates,  C  the  buntons, 
and  D  the  posts.  The  method  of  framing  the  different  parts  is  plainly 
shown. 

Fig.  15  represents  cribbing  sometimes  employed  for  shafts.  It  is  composed 
of  heavy  sawed  material  halved  together  at  the  ends,  as  shown.  The  long 
pieces  a  are  called  waU  plates,  and  the  short  pieces  6.  end  pktJtes.  Between  the 
compartments  a  partition  is  built  up  of  pieces  c  called  buntons.  The  ends  of 
the  buntons  are  let  into  the  wall  plates  an  inch  or  so,  as  shown  in  the 
illustration,  and  should  be  so  placed  that  they  will  break  ioints  with  the 
individual  pieces  of  the  wall  plates,  thus  preventing  the  timbers  of  any 
single  set  from  bulging  into  the  shaft. 

Fig.  16  shows  another  method  of  framing,  sometimes  employed  for  the 
end  and  wall  plates  where  square-set  timbering  is  used  in  shafts.  The  end 
and  wall  plates  are  halved  together  as  shown.  A  beveled  face  is  often 
formed  at  D.  This  construction  necessitates  the  cutting  of  a  tenon  on  the 
end  of  the  post  F  as  shown.  iS  is  a  '2f'X  2"  strip  nailed  alonf  the  center  of 
the  back  of  the  wall  and  end  plates  as  a  support  for  the  Tagging  that  is 
placed  outside  of  the  sets.  The  lagging  is  usually  composed  of  2f'  or  3" 
plank. 

Fig.  18  shows  the  use  of  hangers  between  the  individual  square  sets.  The 
hangersare  bolts  provided  with  b  x>kson  the  ends,and  areemployed  to  support 
the  sets  as  the  work  progresses,  the  posts  serving  to  keep  the  sets  properly 
spaced,  while  the  hangers  keep  the  sets  tight  against  the  posts.  Hangers  are 
not  always  left  in  permanently,  but  may  be  removed  after  a  consiaerable 
section  of  the  ^aft  nas  been  completed. 

Fig.  19  shows  a  method  of  applying  rough  square  sets,  made  ftt)m  round 
timber,  to  the  sinking  of  a  small  prospecting  shaft  by  the  use  of  forepoling. 
A  is  the  first  set  of  timbers  and  /the  second.  The  hangers  are  made  from 
2''x  4"  timbers  F  spiked  to  the  sets  and  to  the  supports  0.  The  supports  Q 
from  which  the  sets  are  hung  are  placed  over  sills  u,  which  are  situated  at 
a  convenient  distance  from  the  collar  of  the  shaft.  X>  represents  the  lagging 
of  the  first  set  that  is  usually  spiked  to  the  set.  K  is  the  forepoling  that 
becomes  the  lagging  between  the  second  and  third  sets,  and  Cthe  tail-pieces 
employed  for  forcing  the  lagging  out  into  the  around.  The  hangers  between 
the  next  two  sets  would  be  spiked  to  the  other  two  timbers  of  the  sets. 
Where  the  bottom  of  the  shaft  is  very  bad,  It  may  be  necessary  to  use  breast 
boards,  as  illustrated  In  Fig.  20,  in  which  the  shaft  is  being  put  down  by 
means  of  square  sets  and  forepoling  with  the  use  of  breast  boards. 

Square  Sets.— Fig.  21  illustrates  one  method  of  framing  square-set  timbers 
fh>m  sawed  matenal  for  use  in  stopes  in  mines.  A  are  the  posts,  B  the  caps 
and  sills,  while  C  are  the  s/prags  or  stuttles.  The  method  of  framing  the  joints 
is  clearly  shown  in  the  illustration.  Sometimes  both  caps  and  sprags  are 
made  of  the  same  sized  material  and  are  framed  alike. 

Fig.  17  shows  a  method  of  framing  round  timbers  for  square  sets.    The 
dimensions  /  and  e  are  usually  made  about  10  in.,  d,  e,  and  <,  each  2  in.: 
a  depends  on  the  diameter  of  the  post;  b  is  usually  cut  down  to  an  angle  of 
bout  46°. 
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Landings.  Piatt,  ar  Stations.— Fig.  22  is  one  method  of  timberine  a  plat  or 
station.  The  resular  square-set  timbering  of  the  shaft  is  continaed  iMist 
the  station  and  the  heavy  stull  or  reacher  a  put  across  at  the  bottom  of  the 
station.  The  posts  h  are  bolted  a^nst  the  posts  of  the  sets  and  the  cap  c 
placed  on  top  of  them.  After  this,  the  wall  plates  are  out  out  between  toe 
posts  b,  and  the  station  opened  and  timbered  as  shown  in  the  illustration. 
The  hdght  of  the  station  is  gradually  reduced  to  that  of  the  drift  or  level 
connecting  with  it. 

Fig.  23  represents  a  method  of  timbering  a  level  in  a  ^lope  where  the 
ground  is  so  firm  that  only  stulls  are  employed  in  the  slope  and  at  the 
station,  the  timbers  all  being  secured  in  hitches  or  by  stulls.  a  represents 
the  stulls  and  c  the  timbers  that  are  spiked  to  the  stulls  and  cany  the 
stringers  for  the  car  track,  h  represents  Ihe  car  track  from  the  level  that  is 
brought  across  above  the  skip  track. 

Special  Forms  of  Supports.— Fig.  24  shows  a  stone  arch  which  as  a  stall 
ERipports  the  waste  material  in  the  level. 

Fig.  25  shows  a  stone  arch  when  one  wall  of  the  formation  requires 
support. 

Fig.  26  illustrates  a  passaj^e  lined  by  a  combination  of  stone  or  brick  walls 
with  wooden  caps  and  lagging  for  the  roof. 

Fig.  27  illustrates  the  lining  of  a  drift  or  level  supported  by  means  of  iron 
or  steel  shapes  t>ent  into  the  form  of  an  arch  and  employed  for  the  support  of 
lagging. 

Fig.  28  illustrates  a  cast-iron  post  or  stull  that  has  been  successfully  used 
as  a  support  in  mines.  It  is  composed  of  two  pieces  a  and  b,  held  together 
by  a  collar  c.  By  driving  c  down  on  the  post,  the  two  pieces  can  be  taken 
apart  and  the  post  moved. 

Fig.  29  illustrates  a  masonry  shaft  lining  supported  by  means  of  cast-iron 
plates  C  set  in  bell-shaped  cavities  cut  in  the  walls  of  the  shaft.  As  the 
masonry  of  a  section  fh)m  below  is  built  up  toward  that  above,  the  over^ 
hanging  portion  D  is  cut  out  a  little  at  a  time,  and  the  masonry  nom  below 
built  up  under  the  plate  so  that  the  lining  becomes  continuous. 

Fig.  30  illustrates  masonrv  shaft  linings,  supported  by  artificial  stone  or 
cement  foundations  built  in  bell-shaped  cavities  cut  in  the  walls  of  the  shaft 
The  blocks  of  artificial  stone  are  provided  with  inclined  bearings  C,  which 
serve  to  transmit  a  portion  of  the  downward  thrust  of  the  lining  in  the 
direction  of  the  arrow. 

iron  and  Steel  Supports.— The  use  of  iron  or  steel,  either  for  vertical  or 
horizontal  supports  in  mines,  has  not  become  at  all  general.  In  America, 
timber  is  as  yet  comparatively  cheap  in  most  mining  localities,  but  this  situ- 
ation is  fast  changing  and  tne  timber  reserves  are  being  rapidly  cut  off, 
so  that  many  mines  now  using  wood  must,  in  the  comparatively  near 
future,  resort  to  some  other  form  of  support.  Some  of  the  disadvantages  of 
metal  supports  are  their  greater  initial  cost,  and  on  this  account  it  is  essen- 
tial that  all  such  supports  should  be  recovered.  As  very  little  timber  Is 
recovered  in  American  mining,  this  objection  is  one  that  will  probably  con- 
tinue. The  mine  water  is  often  of  such  a  character  that  it  will  dissolve  iron 
or  steel;  particularly  is  this  the  case  in  copper  mines,  and  in  any  mines 
where  there  is  much  pyrites.  Metal  mines  keep  their  Miaft  sets  open  but  a 
short  time  compared  with  the  pit  bottoms  of  large  coal  mines,  and  hence 
the  extra  cost  of  metal  construction  is  frequently  not  warranted.  The  dis- 
tricts in  which  metal  mines  are  located  are  more  likely  to  be  disturbed  than 
is  the  ground  over  a  coal  mine,  and  if  timbering  is  crushed,  it  is  much  easier 
to  repair  than  iron  or  steel.  Another  objection  to  metal  supports  is  the  fieict 
that  they  cannot  be  as  easily  framed  ana  worked  as  timber. 

On  the  other  hand,  the  life  of  metal  is,  under  ordinary  ciroumstanoes, 
much  greater  than  that  of  timber,  and  while  the  inital  cost  may  be  greater, 
whenever  the  metal  can  be  recovered  it  can  be  used  over  and  over  again, 
and  it  always  has  a  certain  value  as  scrap  iron  or  steel.  After  a  metal  beam 
has  bent,  it  can  still  be  used  by  simply  turning  it  upside  down.  Another 
advantage  for  steel  is  that  it  occupies  less  space  than  timber  or  masonry, 
and  thus  gives  a  larger  effective  area  of  roadway  for  the  same  cost  of  driving, 
or  else  the  amount  of  excavation  may  be  reduced. 

Although  metal  has  not  been  greatly  used  for  props  or  upright  supports, 
It  has  been  quite  extensively  used,  both  in  America  and 'abroad,  for  sup- 
porting shaft  bottoms  and  landings,  and  in  England  it  has  been  quite 
successfully  used  for  cross-bars  in  timbering  roads,  the  bar  being  set  upon 
wooden  legs.    In  some  of  the  European  mines,  a  complete  metal  casing  Das 
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Trtillti,— Fig".  31  anil  33  [lluilnte  the  tsjIo 
cutting  ttie  jolnu  Tor  otdlnary  nillroacl  Crestlea. 

the  left  illustrates  the  manue-  "'  ' ' ""  • 

»t  tlia  right  represenla  tlie  lo „ „  , 

(Or  the  mimed  trestle.    Kig.  31  represents  benta  of  b.  frame  and  pile  IreatlB 
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Vertical,  Plumb.  Upilgbt,  II.. 
AtM. Vertical,  Fiumb,  lJprl£ht,  16 


Daypmg,  S,  AtM. Vertical,  Fiuml 

lainiag,  tee  Dapidng,  S.  Batler,  Inclined,  IS 

auord-fioil,  8.  ""'  " 
Jact-BMnger,  T. 
Longitudinal  Bract,  S. 

MudSm.lO.  _.., 

tlotcMaf,  Gaining,  Dapping,  Ji.  Biace,  S 

ng.  3Z  UlDstcatea  Bbent or  a  trame  trestle  thatU  lutened  together  entlrelT 
by  means  of  drill  bolts,  no  Joints  whatever  belne  cut. 

Flgg.  34  and  39  illustraie  one  manner  of  cuttTng  the  leoons  and  mortteee 
on  the  endBof  the  batter  braces  and  poets  and  frame  bents,  and  also  the  drain 
holes  that  are  bored  in  the  mortiae  to  prevent  tbc  timber  IVom  rotting.  IlKually 
the  dlle  are  notched  or  boied  to  receive  the  ends  of  the  timbers,  in  addlOnn 
(i>  having  mortises  formed  In  them.  Figs.  36  and  37  show  such  joints  for 
receiving  the  batter  brace  and  pout 

Fig.  ffi  Uhistnl«fl  Ibe  manner  in  which  a  tenon  is  aomettmee  fbrmed  on 
the  CopoftheMle  to  secure  the  cap.  When  the  cap  la  secured  by  a  tenon, 
the  tiro  are  tidied  bjr  a  irooden  pin  shown  In  the  lower  part  of  the  figure, 
SJid  known  aa  a  trtenaa. 

Fig.  39  lUiutiatea  a  manneT  In  which  the  cap  may  be  placed  upon  a  pile 
trestle  br  splitting  the  cap  into  two  pieces,  a  and  b  with  the  tenon  c  the  mil 
width  or  the  pile  between  Uiem. 

Fig.  10  Ulustratea  the  manner  In  wlilch  the  cap  Is  sometimes  secured  to  a 
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same  Uilng  ma;  be  accomplished  vii&  the  use  of  a  dowel. 

Figs.  42  and  44  show  (wo  methods  of  longitudinal  bracing  between  tL. 
bents  of  the  trestles  fbr  inclined  planes,  such  as  are  used  at  brealceis  or 
concentrating  millB, 

Fig.  43  is  an  elevation  of  a  high  (reatle,  showing  the  cross-bracing  and 
itamfiig  of  the  structure.  ^ 

nmbtr  Haiil-Friinai  sr  Held ■£»»,— Fig.  45  Is  the  simplest  Ibrm  of  head- 
gear, which  conslsistjf  a  vertical  post  to  carry  the  weightof  the  sheave,  etc., 
and  a  diagonal  post  that  approximately  bluects  the  angle  between  the  rope 
from  the  dram  and  the  rope  hanging  down  the  sfiafl,  thus  taking  the 
resultant  pull  upon  the  axle  of  the  sheave.  There  Is  usually  some  extra 
timbering,  as  shown,  to  eapport  the  cage  guides  and  form  a  platform  about 
the  sheave  for  convenience  in  oiling. 

Fig.  46  shows  a  modified  form  of  the  same  type  of  frame,  in  which  the 
main  upright  leg  is  vertical  and  In  which  there  is  also  another  vertical 
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ippMlle  Bide  oT  tlie  ihaft.   Tbt  InoUnsd  Ic^  li  alao  Ixmced 

>  the  main  vertical  member. 

Fig.  47  in  »  hGBd'frame  fOt  an  Inclined  Bh&ft  where  the  oie  pocket  1b 
itrucfiire  canying  (lie  st " — ■■  ■— '  * " 


in  their  apper  portlonBlnabulldingsoasloproU-. 

Fig.  iSlsalbTmolftaminKqulte  common  In  the  anthiai: 
Pennsylvania.  In  which  Vne  limbeTG  nre  fuTther  braced  by  Ue-rodi,  as  ahown. 
SlMr  Shift  Bttttrni.— Fig.  49  is  a  shaft  bollom  fltted  with  Bt««l  supports, 
the  posts  being  I-bar  columns  and  the  caps  being  replaced  by  I  beams, 
which,  in  the  station  proper,  are  supi>ortea  on  stooe  or  brick  nails.  This 
mewl -  .     .    . 


mployed  throughout  a1]  the  portion  of  the  bottom 

landing  and  pas»ag:es  vrhere  the  cars  are  handled  after  they  are  brought 
from  the  workings  or  before  they  are  returned  to  the  workings. 

Undaritttlni  of  Priipi.— The  tollowing  lable,  (r,im  Sawyer's  "Accidents  In 
Mlnei."  gives  the  maximum  and  minimum  angles  at  which  props  should  be 
set  for  varying  Inclinations.  This  lAble  can  be  taken  as  a  general  guide. 
1......  J .., .  „!■  .>,g  length  of  prop  nor  the  vailing  amouaia 
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Undebsbtting  of  PBon. 


Bate  of  Inclination  of 

Angle  or  Underset  of  PiopSL 

Seam. 
Begreet. 

Minimum 
Degrees. 

Maximum 
Degrees. 

6 
12 
18 
24 
•     80 
86 
42 
48 
64  and  upwards 

% 

1 
1 
2 
2 
2 
8 
8 

1 
2 
8 
4 
b 
6 
7 
8 
9 

METHODS  OF  WORKIN& 

No  definite  rules  can  be  slven  for  the  selection  of  a  method  of  mining 
that  will  cover  all  the  conditions  that  may  exist  at  any  given  mine.  Each 
mine  is  a  distinct  and  separate  proposition,  and  each  superintendent  must 
Judge  how  he  will  adapt  the  general  principles  here  given  to  the  local 
conditions  at  his  own  mine.  Evenr  svstem  of  mining  fums  to  extract  the 
maximum  amount  of  the  deposit  m  the  best  marketable  shape  and  at  a 
TniniTmim  cost  and  danger.      

OPEN  WORK. 

Optn  wsrk  applies  to  the  working  of  all  deposits  that  have  no  overburden, 
or  to  those  in  wnich  the  overburden  or  overlying  material  is  stripped  from 
the  portion  of  the  deposit  to  be  removed  by  hand,  steam  shovels,  scrapers, 
etc.  It  includes  particularly  all  quarries  and  placer  workings,  and  can  be 
ap^ied  to  many  mineral  and  coal  deposits. 

The  advantages  of  this  system  are  that  no  timber  is  required;  unprofitable 
underground  workings  do  not  have  to  be  kept  open  and  in  repair;  when 
required,  a  simple  hoisting  plant  is  used;  there  is  less  danger  to  the  work- 
men from  £eU1s  of  roof  and  fh>m  blasting;  there  is  practically  no  danger 
from  fire;  artificial  lights  are  not  reamred;  mining  can  be  done  more 
economically,  as  larger  fetces  are  open,  larger  blasts  can  be  used,  and  the 
amount  of  work  accomplished  per  miner  is  greater,  and  better  superintend- 
ence can  be  had;  the  health  of  the  men  is  usually  much  better  when 
working  in  the  open;  the  deposits  can  be  more  easily  extracted  and  the  ore 
more  easily  and  more  perfectly  selected,  and,  under  proper  conditions,  the 
output  can  be  increased  almost  indefinitely. 

The  disadvantages  of  open  work  are:  A  large  amount  of  overburden  often 
has  to  be  removed  and  a  place  for  sorting  this  waste  material  provided;  the 
workmen  are  exposed  to  the  weather;  the  expense  of  open  work  increases 
rapidly  with  depth  of  covering. 

Open  work  may  be  divided  into  two  general  classes:  First,  where  the 
whoie  or  a  greater  part  of  the  deposit  is  of  value  and  has  to  be  removed,  as 
in  quarries  and  in  ordinary  mines;  second,  where  the  valuable  portion  is  but 
a  small  part  of  the  whole,  as  in  placers  or  fragmental  deposits  carrying  gold, 
platinum,  etc. 

Deposits  of  the  first  class  may  be  worked  as  follows:  (a)  The  deposit  is 
stripped,  if  necessary,  and  the  material  is  removed  by  hoistine  with  derricks 
or  a  cableway,  or  by  drawing  out  in  cars  with  the  use  of  underground 
passages.  This  class  includes  practically  all  quarries  for  building  or  orna- 
mental stone,  slate  quarries,  and  most  of  the  open-pit  and  steam-shovel 
iron,  phosphate,  and  similar  mines,  (b)  The  deposit  is  stripped,  and  drifts 
or  tunnels  are  extended  through  the  material  below  the  surface,  either  from 
adjacent  valleys  or  from  shafts  sunk  outside  of  the  deposit   The  material. 
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after  being  mined  in  the  open  pit,  is  thrown  through  openings  to  these  drifts 
or  tunnels,  through  which  it  is  trammed  to  the  surface  or  to  the  foot  of  the 
hoisting  shaft. 

Steani'Shovel  mines  are  those  in  which  the  material  is,  when  necessary, 
first  ^aken  loose  by  big  blasts  of  low-grade  powder,  and  then  loaded  into 
railroad  cars  with  steam  shovels,  which  lift  the  ore  fh>m  its  natural  bed  and 
deposit  it  in  cars  to  be  taken  directly  to  market  or  to  a  concentrating  or 
washing  plant.  Mining  is  thus  done  very  cheaply,  but  the  steam  shovel, 
Arom  a  mechanical  standpoint,  is  not  an  economical  machine  and  the  costs 
of  repairs  are  liigh.  The  expense  for  hauling  material  fh>m  the  steam  shovel 
increases  rapidly  with  adverse  grades.  Economy  in  steam-shovel  mining 
depends  on  the  shovel  being  kept  constantly  at  work.  An  output  of  2,000 
tons  per  day  for  a  steam  shovel  and  one  locomotive  has  been  reached  and 
even  surpassed,  but  this  cannot  be  taken  as  an  average  for  a  season's  work. 
Under  favorable  conditions,  there  is  probably  no  cheaper  method  qf  mining. 
The  cost  of  removing  97,854  yd.  of  material  over  a  seam  of  anthracite  coal 
was  $1  per  ton  of  material  stripped,  and  $0,516  per  ton  of  coal  obtained.  The 
average  depth  of  the  stripping  was  75  ft.  and  about  two-thirds  of  the 
matenal  removed  was  rock.  The  cost  of  stripping  a  bank  15  to  18  ft.  high  in 
Western  Pennsylvania  was  $0.30  per  cu.  yd.  of  stripping. 

By  milling  system,  the  deposit  is  stripped,  shafts  are  sunk  outside  of  the 
boundaries,  and  drifts  are  extended  through  the  ore  some  distance  ftx>m 
the  surface.  From  these  drifts,  raises  are  put  up  to  serve  as  chutes,  after 
which  the  material  is  idmply  blasted  loose  and  worked  into  these  raises, 
through  which  it  passes  to  the  underground  passages,  and  is  trammed  to  the 
Ghafts  and  hoisted  to  the  surface.  The  advantages  of  this  system  over  the 
steam-shovel  methods  are:  It  is  not  necessary  to  make  any  long  cut  through 
the  overburden  to  bring  the  cars  on  the  surface  of  the  ore  body.  Tlae 
mining  force  can  be  employed  underground  in  extending  drifts  and  driving 
new  rSses  in  bad  or  stormy  weather.  Very  little  handUn&r  of  the  material 
by  manual  labor  is  requirea,  the  men  simplv  working  the  loosened  ore  into 
the  chutes  by  means  of  bars  or  shovels,  without  having  to  lift  any  of  it. 
Some  of  the  soft-ore  iron  mines  have  used  this  system  very  advantageously. 

Ctbleways  in  Minlng.—Cableways  are  extensively  used  for  stripping 
deposits,  for  transporting  material  after  it  has  been  quarried,  and  also  for 
mining  soft  or  loose  deposits,  such  as  clays,  phosphates,  and  gravels.  The 
cost  of  removing  the  overburden  varies  greatly  with  the  nature  of  the 
ground,  and  depends  largely  on  the  distance  to  which  it  is  necessary  to 
carry  the  waste  material  before  dumping.  Frequently,  a  cableway  can  be 
installed  spanning  l)Oth  the  place  of  mining  and  the  dumping  ground.  In 
other  cases,  one  end  of  the  cableway  is  fixed  and  attached  to  a  washing  or 
gold-saving  plant,  while  the  other  end  revolves  about  this  fixed  point  in  a 
circle  until  all  of  the  material  within  this  circumference  has  been  exca- 
vated: the  entire  plant  is  then  moved  to  another  location.  The  advantages 
of  cableways  over  steam  shovels  or  dredges  are  that  the  load  may  oe 
delivered  at  a  considerable  distance  ftom  the  point  of  excavation,  while  the 
entire  apparatus  rests  on  banks  entirely  clear  of  the  excavation. 

Cableways  have  been  constructed  with  single  spans  up  to  1,650  ft,  han- 
dling 25-ton  loads,  and  delivering  an  averafi^e  daily  capacity  (10  hours)  of  617 
yd.  of  rock.  Mr.  Spencer  Miller  places  the  following  limitations  on  the 
practical  applications  of  cableways:  Span  (single),  2,000  ft.;  load,  25  tons; 
speed  of  travel,  1,800  ft.  per  minute;  speed  of  hoist,  900  ft.  per  minute.  The 
average  practice,  however,  is  about  as  follows:  Span,  600  to  1,200  ft.;  loads, 
3  to  7  tons;  speed  of  travel,  500  to  1,000  ft.  per  minute;  speed  of  hoist,  150  to 
300  ft.  per  minute. 

Placer  or  fragmontal  deposits  may  be  worked  bv  means  of  a  stream  of  water 
from  a  pipe  or  nozzle  directed  ag^nst  the  bank  (hvdraulio  mining),  or  the 
materia^  may  be  excavated  by  hand  or  by  mechanical  means,  such  as 
dredges,  steam  shovels,  etc. 

Hydraulic  Placer  Mines.— The  material  is  broken  down  by  water  flowing 
over  the  bank,  as  flume  waterfalls,  or  along  the  ground  so  as  to  ground-sluice 
the  material.  The  material  is  ft'equently  just  loosened  by  means  of  picks  or 
shovels,  the  current  being  depended  on  to  carry  it  away.  This  is  commonly 
called  ground  sluicing.  Another  method  of  excavating  the  material  is  to 
direct  a  stream  of  water  against  the  bank  fh>m  a  pipe  or  nozzle.  This  i» 
true  hydraulicking.  After  the  material  has  been  loosened  by  the  water,  it  is 
allowed  to  flow  through  sluices  and  over  undercurrents  or  gold-saving 
tables  so  as  to  recover  the  valuable  portions. 


^ 
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PttoQr  MinQS  Workad  by  Mtohsnioal  Means.— Where  water  is  scarce,  the 
material  may  be  excavated  by  steam  shovels  or  other  excavators,  such  as 
grab,  or  scooping,  buckets,  operated  by  cableways.  The  material  is  then 
washed  by  a  umlted  supply  of  water  that  is  frequently  used  over  and  over, 
or  it  may  be  passed  over  a  dry  washer  or  concentrator.  Both  Uie  steam 
shovel  and  the  cable  excavator  have  proved  very  efficient  means  for 
working  certain  classes  of  deposits. 

OredgQ  Mlninf.— Where  the  gold-bearing  material  lies  below  the  water 
level,  or  where  water  can  be  introduced  so  as  to  float  a  boat,  a  dredge  may 
be  employed. 

For  gold  dredging,  a  dredge  should  fblfll  the  following  conditions: 
(1)  Speed  and  readiness  in  moving  and  taking  up  different  portions;  (2)  an 
adaptabilitv  for  cleaning  up  rock,  and  for  (figging  to  a  maximum  depth; 
(3)  feasibility  of  working  and  of  the  banking  or  disposing  of  the  tail- 
ings; (4)  cheapness  in  working,  as  most  of  the  dredging  propositions  are  of 
low  grade. 

Three  types  of  dredges  have  been  used:  the  hydraulic  suction  dredge,  the 
shovel  dredge,  and  the  continuous-bucket  ladder  dredge.  The  first  of  these 
is  well  adapted  for  digging  very  small  gravel  and  sand,  but  is  not  suited  for 
boulders  or  even  larM  stones  without  a  great  loss  of  efficiency.  The  con- 
tinuous-bucket dredge  has  proved  the  most  successflil  under  ordinary  cir- 
cumstances, as  it  is  controlled  bylines  and  not  by  spiles  or  spuds,  and  hence 
can  be  shifted  more  rapidly  and  made  to  conform  to  irregularities  in  the  bed 
rock  more  readily  than  the  dipper  type.  Also,  the  continuous-bucket 
dredge  fbmishes  a  constant  supply  of  material  to  the  apparatus  used  for 
recovering  the  gold. 

A  continuous-bucket  dredge  can  operate  to  a  depth  of  60  ft.  According 
to  Mr.  R.  H.  Postlethwaite,  of  San  Francisco,  Cal.,  a  decided  advocate  of 
continuous-bucket  dredges,  the  cost  of  working  a  shovel  dredge  runs  from 
7  cents  per  cubic  yard  upwards;  but  he  claims  that  the  bucket  dredge  can  be 
workea  at  a  cost  of  from  3  to  6  cents  per  cubic  yard,  including  a  charge  of 
tlOO  per  week  for  depreciation.  The  cost  of  running  a  small  gold  dredger 
should  not  average  over  $200  per  week— that  is  allowing  $125  for.  wages,  $50 
for  ftael,  and  $25  for  repairs,  etc.  If  the  dredger  handles  10,000  cu.  yd.  i)er 
week,  that  would  be  ac  a  cost  of  2  cents  per  cubic  yard.  If  the  material 
averaged  6  cents  per  cubic  yard,  there  should  be  an  approximate  profit  of 
S400  per  week  on  an  investment  of  from  $25,000  to  $40,000.  18  cu.  ft.  of  gravel 
in  place  will  weigh  2,000  lb.;  a  cubic  yard  will  weigh  li  short  tons. 
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Under  this  general  heading  it  is  customary  to  divide  the  methods  of 
mining  into  coalrmining  methods  and  mdcU-mining  methods.  This  classifi- 
cation is  not  entirely  logical,  for  identical  methods  are  applied  to  flat  bedded 
deposits  of  coal,  iron  ore,  clay,  salt,  etc.,  and  identical  or  very  similar 
methods  to  highly  inclined  coal  seams  and  mineral  veins.  A  more  logical 
classification  is  one  based  on  the  position,  character,  and  thickness  of  the 
deposit,  but  the  older  classification  has  become  so  firmly  estalilished  that  it 
is  not  advisable  to  give  it  up  entirelv  in  a  pocketbook. 

Bedded  Deposits.— The  typical  ana  most  extensive  bedded  mineral  deposits 
are  of  coal  and  iron  ore,  and  of  these  the  former  is  by  £eir  the  more  extensively 
mined.  A  description  of  the  several  methods  of  mining  coal  beds  will 
therefore  comprise  not  only  all  of  the  essential  points  in  the  mining  of  other 
bedded  deposits,  but  will  include  a  number  of  points  not  usually  considered 
in  mining  such  deposits.  The  chief  of  these  is  the  presence  of  explosive  gas 
in  such  quantities  as  to  influence  the  choice  of  a  method  of  mining.  From 
the  descriptions  of  the  methods  of  coal  mining  here  given  it  will  therefore 
be  a  comparatively  simple  matter  for  the  mmer  of  clay,  iron  ore,  etc.  to 
adapt  a  method. 

^^■^^—^^^  ■■■■■■  ■      I    » 

COAL  MINING. 

Central  Conslderations.~The  elementary  causes  affecting  the  extraction  of 
coal  are  (1)  weight  of  overlying  strata  or  depth  of  the  deposit;  (2)  stren^h 
and  character  of  roof;  (8)  character  of  floor;  (4)  texture  of^ bedded  material; 
(6)  inclination  and  tmcknesi  ot  bed;  (6)  presence  of  gas  in  the  seam  or  in 
adjoining  strata. 
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iMf  PrMMT*.— Of  Smm  e*/aMet,th«  roof  pnMUieUtlMmtMtlmpcRuit, 
■md  B  mimber  of  tha  ottiei  oaiues  ace  directly  ailboted  by  It.  Tlw  weljiit  oi 
the  overlyliivooTei  will  glTe  ft  maximum  toof  iHtaniie,  but  thUmay^Bo 
vulQiulrmdalfied  that  toe  determliutlon  of  tiie  actual  preisaieliisactloallT 
impoedble.  and  ettlmftUs  of  tbte  preaswv  moirt  be  iHuM  Unelf  on  pittcUcal 
experience;  hence,  rulei  fbr  ita  calculation  are  of  oomparaavelr  lltue  value. 
One  very  essential  point,  however,  mint  be  borne  In  mind,  L  e.,  that  the 
directloii  of  pwuic  li  peipendleular  to  (he  bedding-  plane. 

StrMttk  and  CkirMttwafRDst.— The  strength  of  roof  retos  to  the  paver  nr 
bdng  self-BUpportinff  over  smaller  or  larger  areaa.   A  Miong  rooi  pen 


lajgBT  openings,  but  inon .... ._ 

larger  lulara.    A  weak  roof  requires  smaller  opeolngB,  ai , 

Idlurs  when  the  Soor  ts  good.   A  strong  roof  may  yield  and  settle  jradu- 


k  roof  requires  gmaller  opeoingB,  and  penults  emaller 

r . r  ts  good.    A  strong  roof  may  yield  r—"  — "' •■" 

aily.  giving  good  oondldoiu  for   longwall  work,  or  it  n 
brfttle.  tM  difflcult  to  manage. 

The  shsreotar  of  flsor  influences  largely  the  dEc  of  pillars.  A  Boft  bottom 
requlreslargaplllars  and  narrow  openjngfi,  especially  when  the  rooflsstrong. 

Teitsr*  M  Cssl  ss4  IdoIImUob  snd  ThlolinMa  of  SMm.— Soft,  &!able  ct£l 
requires  large  plllan  while  a  hard,  compact  coal  requires  only  small  pillars. 
The  Inclloauon  and  thickness  of  the  deposit  Increase  the  size  of  pillars 
required,  am)  also  Influence  tile  haulage,  drainage.  Umbering,  metJiod  of 
working,  arrangement  of  teeasts,  etc 

Tile  artMDO*  sf  |M  In  the  seam  or  In  the  enclosing  strata  aS^ts  the  system 
of  worlung.  as  ample  air  passages  must  be  provided,  and  provisloii  must  f^ 
guently  be  made  lor  veudlatliig  sepaiBtelv  the  different  sectloiiBot  the  mine. 
Where  the  gas  pressure  is  strong,  aod  outbursts  are  of  n«quont  occnrrenca, 
narrow  openliws  are  necenltated  thai  render  the  workings  saA  until  the 


al  systems  of  working  coal  seama!  (IJ  room-ond^BBr, 
and  (2)  totiffinia.  There 
are,  however,  a  great  num- 
ber of  modifications  of 
each,  and  it  is  often  diffl- 
cult to  exactly  elsaslfr  • 
given  method  under  «lUier 
of  these  two  systems. 

ne  rsofli-ssd-plllsr  «p- 

Itm,  also  known  as  the  pU- 

lor-oiul-cAaniber  or  bord- 

I    awtfOlar,  and  which  may 


or  the  United  States.    By 

this  system,   coal  1*  first 

mined  ITom  a  niunber  of 

comparatively  small  placet 

called  rooms.  cA ameers, 

etaOt,  bi>nft.«(e.,  which  are 

driven  either  square  from 

orafananirietc  — -  ■—■' 

ageway.    Thesi 

may  be  wide  o:  — ___  .. 

and  may  be  either  a  road- 

.  way.  Incline,  or  ehnte, 

'  according  (o  existing  oon* 

)  dltlons.    The  idllars  tbat 


n^eto  the  huil- 


.ad.    All  farms  of 

room«nd'pIllar  workings  become  impracUeable  when  the  thicknen  Of  the 
lllars  necessary  to  support  the  roof  pressura  much  exceeds  doable  Uu 
idtb  Of  the  breast  openings. 
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The  ^lllir«iiid-«tall  tytttm  is  liniilar  to  the  rooin-«]id-i)in«r  nnlem,  but  In 
the  former  the  stalli  are  opened  off  from  the  entry  their  ftiU  width,  while  in 
the  latter  the  rooms  or  chambers  are  turned  narrow,  and  widened  inside  to 
their  regular  width.  Fir.  1  shows  a  typical  room^and-pillar  method  for 
working  an  approximately  horizontal  seam  of  coal  of  moderate  thickness 
(4  to  10  it.),  and  with  a  fiedrly  good  roof  and  bottom.  Main  headings  A  are 
usually  dnven  perpendicular  to  the  strike,  unless  this  direction  ii  changed 
by  the  cleat  in  the  coal,  as  explained  later.  Cross-headings,  or  entries  B,  B, 
are  turned  off  at  regular  intervals,  and  at  an  angle  of  90°  to  these  main 
headings,  the  distance  between  any  two  pairs  of  cross-entries  being  dete^ 
mined.  In  flat  seams,  by  twice  the  length  to  which  a  room  can  be  driven, 
which  in  turn  is  determined  by  the  character  of  the  roof,  floor,  and  seam. 
The  rooms  are  turned  to  the  risht  and  left  of  each  pair  of  butt  headings,  and 
driven  until  they  meet^  or  one-naif  the  distance  beiween  two  pairs  of  entries 
After  the  rooms  are  driven  up.  the  pillars  between  the  rooms  are  drawn,  and 
later  the  room  stumps  along  these  entriesL  and  the  entry  pillars  themselves, 
are  drawn,  unless  it  shoula  be  necessary  to  keep  some  of  these  cross-entries 
open  for  purposes  of  ventilation.  A  large  chain  pillar  is  left  to  protect  the 
main  headings. 

When  crosfrentiies  have  been  extended  a  considerable  distance,  roads  are 
often  driven  between  them  parallel  to  the  main  heading  A,  The  object  of 
these  subroads  is  to  reduce  to  a  minimum  the  air-courses  and  roadways  to  be 
maintained;  or  such  a  subroad  mi^  be  necessary  on  account  of  a  squeeze 
crossing  any  pair  of  cross-entries.  The  extent  of  the  territory  worked  out  to 
the  right  and  left  of  each  main  entry  is  a  matter  for  local  determination. 

The  room  optnlngs  are  made  suitable  to  prevailinff  conditions,  and  Fig.  1 
shows  several  of  the  common  methods.  The  width  ox  the  room  and  the  form 
of  the  opening  depend  on  the  character  of  the  roof  and  the  extent  to  which 
it  is  necessary  to  leave  a  pillar  to  support  the  cross-heading,  it  being  advan- 
tageous, of  course,  to  open  out  the  room  to  its  fUll  width  at  the  earliest 
pMsible  moment. 

Longwill  Method  of  Mining.— The  longwall  system  contemplates  the  extrac- 
tion of  the  entire  seam  or  bed,  and  the  original  significance  of  the  term 
** longwall"  was  a  continuous  line  of  breast.  No  portion  of  the  seam  is 
allowed  to  remain  after  leaving  the  vicinity  of  the  shaft.  The  method 
depends  on  producin&r  a  uniform  and  gradual  settlement  of  the  roof  a  few 
yards  behind  the  working  face.  Pack  walls  are  built  on  each  side  of  the 
roadwavs,  and  at  regular  intervals  in  the  gob  or  waste  area,  and  the  roof 
settles  nrmly  on  these  packs,  pressing  them  mto  the  bottom,  or  compresdng 
them  until  the  roof  suosidenee  is  complete.  The  height  of  the  main  road* 
way  is  maintained  by  "brushing"  the  roof  or  lifting  the  bottom.  Longwall 
may  be  advancing  or  retreaiing.  In  longwall  advancing,  mining  begins  at  ox 
near  the  foot  of  the  shaft  and  advances  outwards,  lorxning  a  gradually 
widening  and  increasing  len^h  of  face  to  the  boundary.  The  passages  are 
coade  tlm>ugh  the  excavated  portions  of  the  mine,  and  are  maantained  by 
pack  walls  built  either  of  the  refuse  secured  in  mining  or  sometimes  from 
material  brought  in  from  the  surface.  In  longwall  retreating  or  withdraw- 
ing, entries,  gangways,  or  headings  are  first  driven  to  the  boundary  or  to 
other  convement  distances  inbye,  and  the  pillars  between  these  entries  are 
then  drawn  back  toward  the  shaft;  this  is  also  called  working  home. 

Fig.  2  shows  a  plan  of  combined  longwall  advancing  and  retreating.  In 
the  upper  arrangement,  or  Scotch  longwall,  the  face  is  semicircular  and  the 
roads  are  turned  off  at  axigles  of  45<^.  This  plan  is  suitable  for  seams  up  to 
3  ft.  thick  with  a  weak  top,  and  which  pitch  less  than  20^^,  and  situated  at 
almost  any  depth.  It  is  the  one  from  which  most  of  the  lonswall  practice 
in  the  central  coal  basins  of  the  United  States  is  taken.  In  the  lower  por- 
tion, which  shows  one  method  of  longwall  retreatixig,  iiarrow  parallel 
headings  are  driven  in  pairs  to  the  boundary,  being  from  200  to  300  ft.  apart. 
Such  a  combination  of  longwall  advancing  and  retreatixig  insures  an 
unvarying  supply  of  coal,  for  while  one  side  continually  leaves  the  shaft,  thd 
other  approaenes  it. 

Longwall  is  specially  adapted  to  flat  seams  or  those  having  a  regular  and 
moderate  pitch,  and  wnlch  are  free  frt)m  faults;  to  hard  rather  than  to  soft 
coal;  and  to  the  use  of  undercutting  machines.  It  is  also  easy  of  venti* 
lation  and  economical  in  timber,  explosives,  and  track. 

In  all  longwall  work,  the  weight  of  the  roof  is  made  to  act  upon  the  coal 
iS&oe,  which  &  undercut,  according  to  the  ability  of  the  miner  and  the  con- 
ditions of  the  seam,  from  2|  to8  ft.  deep.    This  weighing  action  of  the  rooi 
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peribrms  the  work  of  the  pcnrder  uid  bmka  the  coeJ  In  a  few 


aner  the  spnigs  have  been  temoved.  The  time  reqai 
will  be  Breater  or  lea.  according  to  conditionB.  The 
niitem.  aa  will  be  readily  wen.  dependii  on  a  unllbrml] 


lulled  to  br^k  the  coal 


^e  line  of  the  &ce  or  breast,  and  a  aniform  syalem  of  eettlng  and  drawing 
timber  at  the  &cei  alao.  Uniforniltir  In  the  pack  wall)  along  the  ro'-* '  '- 

the  amount  Of  gob  packing.    This  eyBlem  dc — — i- -'  .— - 

iodnced  bystrfltea  or  —■ ""-  ' 


Iheroada  ai 
, jf  long  Idle  spells 

The  coal  does  not  break  veil,  eltheT, 

a  portion  of  the  time,  and  their  placea  lie  Idle. 
le  syetem  coubIbIb  In  maintaining  what  mlnem  call  a 


Fla.  2. 


□  only  be  accompllBhed  salia- 
iarA  floors. 


travtU-ng  vitiqht  upon  the  coal  (ice,  whlc 
fectorily  by  uniformity  In  every  part  of  tl 

Longwall  advanclDg  is  better  suited  t 
Bat  rattier  than  pllehlne,  and  to  good  rooL 

Longwall  retreating  Is  better  saapied  to  thicker  beda;  to  thosB  liable  bi  i^u 
flres;  (u  aeaina  of  hard  coal  baring  a  consldeiable  pilch;  to  pockety,  or 
irregular  seams;  and  toasolt  and  treacherous  top.  The  air-course  iialsoles 
broken  along  the  face,  and  better  haulage  Installations  can  be  made.  Its 
Chief  disadvantage  is  the  targe  amount  of  dead  work  necessitated  before 
renimi  are  recnived.  With  tills  system  there  Is  no  expense  in  keeping  up 
»  far  as  creep  or  blling  roof  Is  concerned,  aa  the  roads  are 


«ll  in  solid  coal,  iKiT  IB  there  any  troubie'tnaa  gob  txa  01 


STABTINO  L0H9WAL 

detriment  (o  the  working  lace  is  caused  by  the 
f<jr  a  lime.  If  the  Beam  Is  high  enough  ftir  th< 
whatever  will  need  to  be  taken  down.  The  oo»l 
lot  of  It  U  extracted. 

The  ventilation  In  the  retreating  plan  Is  u  nea 
get  It  Id  practice.  All  the  airwaya  are  tight  ~  "~' 
advaacmg  pluii  and  It  Is  a  comparatively 


ortion  of  the  workli^  face  la 


.,-_, TM 

Longwall  retreatlns  li  frequeutly  lued  fbr  woi 
a  mine  in  which  the  «eam  of  Goal  Is  18  to  20 
re  than  10°.    A  eeriea  of  B  or  10  pain  oT  headli 
and  driven  a  distance,  dependent  on  Itx 


a, 


face  1b  carried  back  on  the  retreatiDg  plan,  alio i 
settle  on  the  gob  as  the  work  approaches  the  bu 
extra  weight  that  would  crush  and  luJn  the  Bd]» 
method  Is  also  used  In  lower  seams  Id  which  the 
bottom,  or  both,  are  of  such  a  nature  as  to  give  tn 
sDd-plllar  system.  Sometimes,  instead  of  drii 
conddeTaUe  diatancea  apart,  a  numlier  of  single 
paratlvely  close  together,  and  connected  by  cr 
apart  When  the  limit  of  the  secUon  is  reached, 
and  carried  bock,  as  In  the  other  plan.  This  la' 
ble  for  tender  roof,  or  a  coal  In  wlilch  the  (aei 


r 
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chock,  it  should  be  put  in  immediately,  and  the  pack  walls  likewise  should 
be  extended  after  each  cut  or  web  is  loaded  out. 

As  a  general  thing,  the  pack  walls  in  the  gob  are  not  so  wide  as  the  road- 
side ones,  particularly  when  the  seam  produces  enough  waste  material 
to  stow  the  '* marches."  **cundies,"  or  ''gobs,"  between  these  pack  walls. 
Usually  about  50j(  of  the  cubical  contents  of  the  solid  seam  taken  out  will 
stow  me  spaces  between  the  pack  walls  in  thick  pitching  seams,  where  the 
entire  gob  must  be  completely  filled  or  nearly  so.  No  waste  matmal,  except 
such  as  will  hasten  spontaneous  combustion,  should  be  taken  out  of  the 
mine  to  the  surface. 

Timbering  s  Longwtll  Ftoa.— The  method  of  timbering  the  working  &ce 
depends  on  the  nature  of  the  roof,  floor,  coal,  etc.  The  action  of  the  roof  on 
the  coal  face  is  r^gfulated  almost  entirely  by  timber;  consequently,  when  the 
coal  is  of  such  a  nature  as  to  require  little  weight  to  make  it  mine  easily,  the 
roof  must  be  timbered  with  rows  of  chocks  and,  if  necessary,  a  few  props. 
Control  of  Roof  Prossoro.— The  working  face  of  a  longwall  working  should 
advance  up  grade,  but  this  face  cannot  always  be  kept  parallel  with  the 
strike.  When  the  angle  at  the  line  of  £EU}e,  made  with  the  line  of  strike,  is 
less  than  WP,  the  greater  pressure  of  the  covering  rocks  is  thrown  on  the 
gob,  and,  wh^n  this  angle  is  more  than  90^,  the  greater  pressure  comes  on 
the  coal.  The  angle  made  by  the  working  race  with  the  line  of  pitch  varies 
inversely  as  the  vertical  angle  of  pitch,  or  for  a  high  pitch  this  angle  is 
small  and  for  a  low  pitch  it  is  large.  Where  longwall  is  worked  in  adjacent 
sections,  care  must  be  taken  to  prevent  the  advancing  of  one  section  throw- 
ing a  crushing  weight  on  any  of  the  others,  and  thus  producing  a  crush  or 
an  uncontrollable  cave.  Where  the  rocks  are  pitching,  and  a  greater  portion 
of  the  cracks  that  cut  them  run  in  lines  parallel  to  tne  strike,  neither  stone 
nor  timber  can  efficiently  support  the  roof,  which  frequently  breaks  off  close 
to  the  working  &ce. 

The  ends  of  all  stone  packs  nearest  the  face  of  the  coal  should  be  in  line, 
and  the  ends  of  these  pack  walls  should  form  a  line  pturallel  to  the  face  of 

the  coal.  Timbers  set  at  equal  distances  and  in 
line  along  a  longwall  face  are  much  more  efficient 
in  supporting  the  roof  than  irregularly  set  tim- 
bers. Fig.  8  shows  the  proper  way  of  locating 
the  pack  walls  and  the  face  timber. 

Numbor  of  Entrios.— The  entries  in  a  mine  may 
be  driven  single^  double,  triple,  etc. 

The  singlo-ontry  system  is  only  advisable  under 
certain  conditions  and  for  short  distances,  since 
Fig.  8.  the  ventilation  must  be  maintained  along  the 

face  of  the  rooms,  and  there  is  but  one  haulage- 
way,  which  may  easily  be  closed  by  a  fall  or  creep.  Rooms  are  turned  off 
one  or  both  sides  of  the  entry. 

The  doublo-ontry  svstem  is  most  commonly  used.  Two  parallel  entries 
are  driven,  separated  by  an  entry  pillar  whose  thickness  varies  with  the 
depth  of  the  seam,  and  connected  at  intervals  of  about  20  yd.  by  crossKiuts 
or  Dreakthroughs  to  maintain  ventilation. 

The  triplo-entry  system  is  used  particularly  in  very  gaseous  seams  requir- 
ing separate  return  airways;  or,  at  times,  in  mines  where  the  large  output 
requires  ample  haulage  roads.  It  is  usually  applied  to  the  main  entries  onlv, 
but  sometimes,  also,  to  the  cross-entries.  In  gaseous  mines,  the  middle 
entry  is  usually  made  the  haulage  road  and  intake  airway,  and  the  outside 
entries  the  return  air-courses  for  either  side  of  the  mine,  respectively. 

A  still  larger  number  of  entries  even  has  been  suggested  for  deep 
workings  where  it  is  difficult  to  keep  open  broad  passages,  but  these  have 
not  been  generally  adopted  or  tried  experimentally  to  any  great  extent. 
Diroction  of  tho  Fioo.— The  typical  room-and-pillar  plan.  Fig.  1,  shows  the 
main  headings  and  the  rooms  oriven  parallel  to  the  direction  of  the  dip,  and 
the  cross-headings  parallel  to  the  strike,  but  in  most  coal  seams  there  are 
vertical  cleavages,  called  cleats,  which  cross  the  coal  in  two  directions  about 
at  right  angles  to  each  other.  Face  cleata,  as  they  are  called,  are  the  more 
pronounced,  while  the  end  or  butt  cleats  are  the  shorter,  less  raonounced 
Joints.  The  direction  of  the  face  with  respect  to  the  cleats  Is  of  i>rime 
importance  as  greatly  ileicilitating  or  retarding  the  mining  of  the  coal. 

Fig.  4  shows  the  mfferent  positions  that  the  face  may  occupy  with  respect 
to  the  direction  of  the  cleats.  The  angle  of  the  breast  depends  on  the  hard- 
ness of  the  coal  and  freedom  of  the  cleats,  and  each  method  has  its  peculiar 
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•daptallon  to  the  rUTlng  coodltloiu  or  a  ookI  aesm 
aia  working  free  and  ihe  cool  Is  very  tofl.  it  may  be 


uetbod  ifl  bat  adapL^d  to  a  very  beavy 
while  for  a  Ugtil  roof  pressure  tbe  abort-horn  method  andilii  ii 
coal.    If  tbe  "face"  cleatBaie  free  and  tbe  coal  breaks  readl 


Is  rea«aiiabty  Aard.  tbe  loug-bom  metbod  la  adopted 
uuBi  i»  iindercut  It  needs  more  support  thau  It  gels  from  (he 
weigbC  must  be  Uuown  BOmewhat  opou  tbe  end  cleata 

adopted  wbeo  the  &ee  cleats  are  -  -^  --  *--- -' 

Unless  the  coal  at  the  face  re- 
ceives sufficient  supportn  the 
vindercattlng  or  bearing  In  can- 
not be  thoroughly  done,  or  el»e 
"— •  ^   apragglng  and 


meroufij  and   the  roof  pressure       ■ 

RTeat,  the    coal   will   probably       fl 

break  better  by  currfng  wide       B 

breaite  upon  uie  ends  of  tbe 

coal,  and  It  i»  then  an  advan-  Fia.  4. 

tage  to  drive  double  ioodu  with 

large  pUlan  between  them.   In  pltohtng  seams,  the  pillar  she 

long  tfdee  perpendlcalu  to  Uie  Mrlke.  ff  tbe  principal  clea 

are  paralleTto  the  Mrlke,  or  nearly  bo. 

The  Bbort-hom  method  ]»  adapted  to  heavy  loof  pressure  e 
idllara.  as  the  Ikce  eleats  are  here  guile  iKvnounced.  and  the  i 
the  rooms  thereliv  weakened  to  a  uige  extent;  hence,  wide  p 
often  employed  when  working  on  the  ends  of  the  ooal.  ^ 
cleats  are  1«b  piononneed,  ana  the  end  cleala  are  working 
breast  oT  coal  Is  oanied  on  the  bee,  and,  onlesB  other  condlt 
a  great  width  ofioomptllara  is  not  needed.  Jfthiscanbedon 
and  good  lompooal  secured  at  the«ame  time,  theroom  should 
as  UMle  as  poMlble,  as  a  side  prennre  DpoD  tbe  pillan  having  ^ 
nmnlng  diagonally  aciosB  tlie  pitch  is  destrucQve- 


consif^ratlon,  and  in  laying  out  the  pillars  in  a  virgin  fleld  It 
out  what  the  current  pracnce  is  in  similar  fields.  In  gener 
the  seam  and  the  greater  Its  depth  ftom  the  surbce.  the  gee 
the  thickness  of  the  pillar.  Some  coal  deteriorates  ranldiv  wl 
wei^t  and  to  the  disinlegrating  effect  of  tbe  ■ 

■ocb  coal  must  be  larger  than  when  composed , 

Permanent  idllars.  or  those  that  are  to  remain  for  a  coniddei 
time,  must  be  larger  than  those  Ibat  are  lo  be  promptly  rem 
about  the  bottom  of  a  abaft,  or  along  mala  haulage  roads,  shou! 
enough  to  provide  for  Increasing  developmculs,  Ibr  when 
enlarged  or  when  haulage  sj-Blems  are  introduced,  the  orlgli 
quenfly  have  to  be  reduced  In  size  by  taking  a  skip  off  of  thei 
out  chambers  for  engines  and  pumps. 

Shift  PI risri.— Various  formulas  liave  been  given  lo  detem 
ahsA  plllais,  and  the  results  given  by  these  several  formulas  ar 

■•rliels,—  B  —  -J^  X  2i,  where  S  equals  the  length  of  i 
pillar  in  yards,  and  D  equals  depth  of  shan  In  fathoms. 

»ndr«.— Up  to  UO  yd.  depth,  have  the  iWllsr  25  yd.  square,  m 
depths  increase  B  yd.  on  each  side  for  every  25  yd.  of  Increaaef 

Otss.— Disw  lines  enclosing  atl  surface  buildings  that  it  I 
erect  alx>ut  the  head  of  the  shaft,  and  make  the  abaft  plllai 
coal  will  be  left  outside  Uiese  line*  all  around  fbr  a  dl^ancf 
third  the  depth  of  the  shaft. 

Wsrdtt.~Shatt  pUlara  shonid  not  be  less  than  40  yd.  aqni 
depth  of  60  fathoms,  and  should  Increase  10  yd.  on  a  aide 
Ihuioms  Increase  in  depth. 
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METHODS  OF  WORKING, 


Hugh«8.— Leave  1  yd.  in  width  of  pillar  for  every  yard  In  depth  of  shaft. 

Pi meljf.-— Allow  a  pillar  40  yd.  square  for  any  depth  up  to  100  yd.;  for 
greater  aepths,  increase  the  pillar  5  yd.  for  every  20  yd.  in  depth. 

Calculating  the  size  of  pillar  fh>m  each  of  uiese  authoriUes,  we  find  the 
following  vaiiations: 


Authority. 

For  Shaft  300  Ft.  Deep. 

For  Shaft  600  Ft.  Deep. 

Merivale 

Andre 

Wardle 

Pamely 

Dron 

Hughes 

22  yd.  square. 
35  yd.  square. 
40  yd.  square. 
40  yd.  square. 
33i  yd.  square.* 
100  yd.  diameter. 

31  yd.  square. 
45  yd.  square. 
60  yd.  square. 
65  yd.  square. 
66f  yd.  sqiiare.* 
200  yd.  diameter. 

*Oatside  of  buildings. 


None  of  these  formulas  takes  account  of  the  thickness  of  the  seam,  and 
the  following  formula,  which  takes  account  of  this  very  important  element, 
was  suggested  by  Mr.  R.  J.  Foster,  in  *'  Mines  and  Minerals": 

Radius  of  pillar  =  3]/d  X  <i 
in  which  D  =  depth  of  shaft;  t  =  thickness  of  seam. 

Pitching  seams  require  smaller  pillars  on  the  low  side  than  on  the  rising 
side  of  the  shaft. 

Room  Pilltrs.— The  relative  width  of  pillar  and  breast  is  dependent  on 
the  weight  of  cover,  as  compared  with  the  character  of  the  roof  and  floor, 
and  the  crushing  strength  of  the  coal.  These  relative  widths  are  deter- 
mined largely  by  practice.  Speaking  generally,  the  narrower  the  rooms 
or  chambers,  the  higher  the  cost  in  yardage,  the  greater  the  production  of 
slack  and  nut  coal,  the  greater  the  consumption  of  powder,  track  iron,  ties, 
etc.,  and  the  greater  the  cost  of  dead  work. 

For  bituminous  coal  of  medium  hardness  and  good  roof  and  floor,  a  rule 
often  used  is  to  make  the  thickness  of  room  pillars  equal  to  1^  of  the 
depth  of  cover  for  each  foot  of  thickness  of  the  seam,  according  to  the 

V 


expression 


IT,  = 


100 


X  D,  in  which  Wp  =  pillar  width;  t  =  thickness  of 


seam;  D  =  depth  of  cover,  and  then  make  the  width  of  breast  or  opening 
equal  to  the  depth  of  cover  divided  by  the  width  of  pillar  thus  foun^ 

according  to  the  expression  W^  =  -^^  where  Wo  =  width  of  room. 

Frail  coal  and  coal  that  disintegrates  readily  when  exposed  to  the  air,  and 
a  soft  bottom,  may  increase  the  width  of  pillar  required  as  much  as  50^  of 
the  amount  found  above;  also,  a  hard  root  may  increase  the  same  as  much 
as  25^;  while  on  the  other  hand,  a  ftail  roof  or  a  hard  coal  or  floor  may 
reduce  the  width  of  pillar  required  25^.  The  hardness  of  the  roof  affects 
both  the  width  of  pillar  and  width  of  opening  alike,  which  is  not  the  case 
with  any  of  the  otner  factors. 

Dunn's  Tables  op  Size  op  Room  Pillars  por  Various  Depths. 

The  following  table  Is  for  first  working,  with  the  design  of  afterwards 
takiiiff  out  the  pillars,  the  width  of  the  principal  workings  being  5  yd.,  and 
cross-nolings  2  yd. 


Depth. 
Feet. 

Size  of 
Pillars. 
Yards. 

20X    6 
20  X    6 
22  X    7 
22  X    8 
22  X    9 
22  X  12 
26  X  15 
28  X  16 

Proportion 

in 

Pillars. 

Depth. 
Feet. 

Size  of 
Pillars. 
Yards. 

Proportion 

in 

Pillars. 

120 
240 
360 
480 
600 
720 
840 
960 

.41 
.50 
.52 
.67 
.59 
.61 
.63 
.66 

1,080 
1,200 
1,320 
1,440 
1,560 
1.680 
1,800 

26X  14 
26  X  16 
28  X  18 
28  X  20 
30  X  21 
30  X  22* 
30  X  24 

.09 
.71 
.73 
.75 
.77 
.78 
.79 

^OOM  PILLARS. 
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Extremely  large  pillars  must  often  be  left  as  a  precautionary  measure  to 
protect  i>ermanent  haulageways  and  surface  buildings,  or  to  avoid  any  pos' 
sibility  of  a  break  in  the  roof  that  would  cause  an  inflow  of  water. 

Table  Showing  Distance  From  Center  to  Center  of  Breasts  or 
Chambers  Measured  on  the  Entry  or  Gangway,  for 

Different  Angles. 


1              . 

i  B  d  o 

Distance  Measured 

on  the  Entry  in  Feet,  When  Width  of 

Breast  -f  Width  of  Chamber  Is: 

M   S  *-•      • 

20 
20.0 

25 

80 
80.0 

85 

40 

45 

50 

65 

60 

65 

70 

75 

90 

25.0 

85.0 

40.0 

45.0 

50.0 

66.0 

60.0 

65.0 

70.0 

75.0 

85 

20.0 

25.1 

30.1 

85.1 

40.2 

45.2 

50.1 

65.2 

60.2 

65.3 

70.3 

75.3 

80 

20.3 

25.4 

30.5 

35.5 

40.6 

45.7 

60.6 

65.8 

60.9 

66.0 

71.1 

76.2 

75 

20.7 

25.9 

31.1 

36.2 

41.4 

46.6 

51.2 

66.9 

62.1 

67.3 

72.5 

77.7 

70 

21.2 

26.6 

31.9 

87.2 

42.6 

47.9 

63.1 

68.5 

63.9 

69.2 

74.5 

79.8 

65 

22.0 

27.6 

33.1 

88.6 

44.1 

49.6 

55.1 

60.7 

66.2 

71.7 

77.2 

82.8 

60 

23.0 

28.9 

34.6 

40.4 

46.2 

62.0 

57.6 

63.5 

69.8 

75.1 

80.8 

86.6 

55 

24.4 

30.5 

36.6 

42.7 

48.8 

54.9 

60.9 

67.1 

73.3 

79.4 

85.5 

91.6 

50 

25.8 

32.6 

39.2 

45.7 

52.2 

58.7 

65.1 

71.8 

78.3 

84.9 

91.4 

97.9 

45 

28.2 

35.4 

42.4 

49.5 

66.6 

63.6 

'70.6 

77.8 

84.9 

91.9 

99.0 

lOC.l 

40 

81.1 

38.9 

46.7 

64.5 

62.2 

70.0 

77.6 

85.6 

93.4 

101.2 

109.0 

116.7 

85 

84.9 

43.6 

52.3 

61.0 

69.7 

78.5 

87.0 

95.9 

104.6 

113.4 

122.1 

130.8 

30 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100.0 

110.0 

120.0 

130.0 

140.0 

160.0 

25 

47.3 

59.2 

71.0 

82.8 

94.6 

106.5 

118.1 

127.2 

142.0 

153.8 

165.7 

177.5 

20 

58.5 

73.1 

87.7 

102.4 

117.0 

131.6 

145.9 

160.8 

175.5 

190.1 

204.7 

219.3 

15 

77.4 

96.6 

115.9 

135.3 

154.5 

173.9 

192.8 

212.5 

231.9 

251.2 

270.5 

289.8 

10 

115.2 

144.0 

172.8 

201.6 

230.4 

259.2 

287.3 

816.7 

845.6 

874.4 

403.1 

432.0 

5 

229.5 

286.9 

344.2 

401.6 

459.0 

516.3 

672.5 

631.1 

688.5 

745.8 

803.2 

860.5 

In  the  following  table,  the  weight  thrown  upon  pillars  at  different  depths 
by  the  removal  of  different  proportions  of  coal  is  given: 

Weight  on  Pillars  in  Pounds  per  Square  Inch. 


o    • 

Percent«ige  of  Coal  Left  in  Pillars. 

4)20" 
P 

90^ 

80^ 

70^ 

60^ 
166 

50^ 

iOji 

30^ 

20^ 
600 

1(¥ 

100 

111 

125 

142 

200 

250 

888 

1,000 

500 

555 

625 

710 

830 

1,000 

1,250 

1,665 

2,500 

5,000 

1,000 

1,111 

1,250 

1,428 

1,666 

2,000 

2,500 

3,333 

5,000 

10,000 

1,500 

1,666 

1,875 

2,138 

2,496 

3,000 

3,750 

4,998 

7,600 

15,000 

2,000 

2,222 

2,500 

2,956 

3,333 

4,000 

5,000 

6,666 

3,000 

3,333 

8,750 

4,384 

4,999 

6.000 

7,600 

4,000 

4,444 

5,000 

5,912 

6,666 

8,000 

5,000 

5,555 

6,250 

7,340 

10,000 

11,110 

12,500 

Chain  and  barrier  pillars  vary  in  size  even  more  than  shaft  pillars,  and  their 
widths  are  almost  entirely  determined  by  local  considerations.  In  some 
States,  the  minimum  width  of  barrier  pillars  is  regulated  by  law. 

Barrier  Pillars.— For  finding  the  width  of  barrier  pillars  in  anthracite 
seams,  the  following  formula,  adopted  conjointly  by  the  chief  mining  engi- 
neers of  the  Lehigh  &  Wilkes-Barre  Coal  Co.,  Susquehanna  Coal  Co.,  D.,  L.  & 
W.  R.  R.  Co.,  Delaware  &  Hudson  Canal  Co.,  and  the  State  mine  inspectors 
of  Eastern  Pennsylvania,  is  recommended: 

Formula  for  width  of  barrier  pillars:  (Thickness  of  workings  X  l5^  of  depth 
below  drainage  level)  +  (thickness  of  workings  X  5). 

Thus,  for  a  seam  6  ft.  thick,  400  ft.  below  drainage  level,  the  barrier  pillar 
should  be  (6  X  4)  +  (6  X  6)  =  64  ft. 
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CMnDr«ui^«  Str«ngtb  tf  Antbraolt*.— Attention  has  recently  been  called  by 
Mr.  William  Oriffitb,  of  Scranton,  Pa.,  to  the  advisability  of  testing  the 
strength  of  the  different  coals  and  of  using  this  data  as  a  basis  for  the  proper 
proportioning  of  the  pillars  and  for  detenmning  the  probability  of  a  squeeze, 
in  some  crude  experiments,  which  Mr.  Griffith  carried  on,  he  found  that 
different  coals  firom  even  the  same  locality  varied  greatly  in  their  strengths. 
If  attention  were  given  to  this  matter,  probably  the  sizes  of  pillars  could 
be  calculated  on  a  much  more  certain  basis  than  is  possible  at  present, 
and  the  liability  to  squeeze  lessened. 

The  table  on  pa«e  290  gives  the  results  of  some  preliminary  and  crude 
tests  made  by  Mr.  Griffith,  which  supply  the  only  data  available  as  to  the 
crushing  strength  of  anthracite  coal. 

OrtwiiiK  pillars  is  about  the  most  dangerous  work  the  miner  has  to  perform, 
but  the  met  of  its  being  so  is  no  doubt  the  reason  why,  comparatively 
speaking,  so  few  serious  accidents  happen  in  it.  It  is  not  so  much  that  the 
best,  most  skilled  workmen  are  chosen  to  perform  pillar  drawing,  as  that 
the  men,  being  alive  to  the  dangers,  are  more  on  tne  alert  and  careAil  to 
protect  themselves. 

Sometimes,  if  not  verv  often,  in  chamber  or  room-and-i^llar  working  it  is 
the  custom  to  work  out  the  rooms  or  chambers  and  leave  pillars  all  the  way 
flx)m  the  shaft  to  the  boundary  line  over  large  areas;  in  other  words,  the 
portion  of  the  roof  left  standing  on  pillars  Is  very  extensive.  Mines  so 
worked  have  sometimes  been  spoken  of  as  mines  on  atiUs.  To  this  mode  of 
proceeding  there  are  several  senous  objections.  By  leaving  the  pillars  until 
the  boundary  has  been  reached,  a  large  number  of  airways  and  roadways 
have  to  be  kept  open  and  in  repair,  and  this  number  is  constantly  increasing 
until  the  limits  of  the  workings  have  been  reached.  This  circumstance 
renders  the  ventilation  more  difficult,  and  thereby  increases  risks  of 
accident.  Moreover,  the  lenarth  of  time  during  whicn  the  old  rooms  and 
I^lars  are  left  open  and  stancung  increases  the  danger  of  squeeze  and  creep 


Pio.  5. 


Fig.  6. 


setting  in,  by  which  a  large  area  may  in  a  short  time  be  overrun.  Also,  by 
this  method,  the  pillars  first  formed  are  last  removed,  and  hence  it  happens 
that  a  laree  number  of  them  crack  and  give  way  under  the  combined  action 
of  atmospheric  agencies  and  great  pressure.  Even  if  th  ey  resist  these  actions 
well,  the  quality  of  the  coal  greatly  deteriorates  by  the  long  exposure. 

For  the  above  reasons,  it  is  the  best  practice  to  carry  on  the  two  workings 
(working  the  rooms  and  drawing  the  ribs  and  pillars)  simultaneously.  By 
so  doing,  the  length,  mean  duration  of  the  roadways,  etc.  are  reduced,  and 
the  pillur  coal  obtained  in  much  better  condition;  and,  in  order  to  concen- 
trate the  workings  as  much  as  possible,  the  two  operations  should  go  on  as 
closely  together  as  practicable.  With  fairly  thick  and  very  soft  coals,  the 
rapid  working  up  of  the  rooms  and  equallv  quick  drawing  of  the  ribs,  as 
soon  as  the  rooms  are  driven  their  tail  distance,  is  essential  to  economical 
working;  for  delay  in  extracting  ribs  and  pillars  in  such  circumstances 
results  in  their  getting  crushed  and  the  coal  lost  or  largely  ground  to  slack, 
waste  of  props  and  material,  disordered  ventilation,  and  shortened  life  of 
the  mine. 

Methods  of  drawing  pillars  vary  according  to  the  inclinations  of  the 
seams,  the  nature  of  the  roof  and  floor,  and  the  character  of  the  coal.  Figs. 
5  and  6  ^ow  the  common  methods.  In  Fig.  5,  A,  B,  and  C,  the  drawing 
begins  by  cross-cutting  the  fast  ends  of  the  pillars  to  obtain  a  retreating 
fiace.    A  shows  a  method  for  soft  coal  and  narrowing  pillars,  B  for  wide 
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pillan,  the  end  bcdi 
Ukenin  two  lifts,  whJ 
C  la  lOr  harder  coal  ai 
shows  it  token  In  thr 
llfls.    Z>  and  £  show  tl 


InclluactoD  of  the  seam, 
thickness  of  the  coTet. 
and  the  gtiengtb  or  weak- 
ness of  the  roof  and  floor. 
Fig.  t  tbovH  same  of  Hie 
meChodi  naed  in  robbing 
the  pillars  In  steep  pitch- 
Ing,  thick  beds  of  anthr^ 


taken  off  until  the  wl 


The    pillar    betwt 


row  chute  or  headlnjcis 

driven  up  the  mldjne, 
and  cross-cuts  put  to  the 
right  and  left  a  few  yards 

Bhots  are  plat^  <n  the 


Ltlon  la  repeated  in 
<an:u  descending  portion 
unlera  the  pillar  bcglna 
b>  run.  A  pillar  t¥om 
which  the  coal  haa 
started  to  [un  Is  shown 
to  the  right  of  C. 

To  secure  the  highest 
percentage  of  pillar  coal, 

adopted  that  will  pre- 
vent squeezine  or  eruah- 
iiis.  If  possible.    All  the 

ellaiB  In  a  panel  may  be 
ken  out  at  the  same 
lime  b;  end  lifts  in  such 
a  way  as  lo  keep  the  [ace 
of  all  the  nils  in  line  and 
perpendicular  to  the 
-"--  of  the  pillan,   (- 


of  (he  (ace  of  the  llfls 
lying  1q  a  straight  line 
that  makes  an  angle  of 
about  40°  with  the  ddei 


i. 


i 
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of  the  i>Ulais.  (See  also  "  Flushing  of  Culm,"  which  is  described  ftilly  on 
page  314.) 

Gob  fires  are  due  to  the  spontaneous  ignition  of  coal  and  are  most  likely 
to  occur  in  pack  walls  and  gobs  where  there  is  an  insufficiency  of  air.  Ample 
ventilation  IS  the  best  preventive. 

Spontinsous  'Combastion.— According  to  Prof.  Able,  Dr.  Percy,  and  Pi^t 
Lewes,  the  causes  of  the  aporUaneous  ignition  of  coal  are:  Firtt^  and  chiefly, 
the  condensation  and  absorption  of  oxygen  from  the  air  by  the  coal,  which 
of  itself  causes  heating,  and  this  promotes  the  chemical  combination  of  the 
volatile  hvdrocarbons  in  the  coal  and  some  of  the  carbon  itself  with  the 
condensed  oxygen.    This  process  may  be  described  as  self-stimulating,  so  i  i 

that,  with  conditions  fEtvorable,  sufficient  heat  may  be  generated  to  cause  I  [ 

the  ieniition  of  portions  of  the  coal.    The  fEtvorable  conditions  are:  A  mod>  §, 

erately  high  external  temperature;  a  broken  condition  of  the  coal,  affording 
the  ft-esh  surfaces  for  absorbing  oxygen;  a  supply  of  air  sufficient  for  the 
purpose,  but  not  in  the  nature  of  a  strong  current  adequate  to  remove  the  nf 

neat;  a  considerable  percentage  of  volatile  combustible  matter  or  an  B 

extremely  divided  condition.  Second,  moisture  acting  on  sulphur  in  the 
form  of  iron  pyrites.  The  heating  effect  of  this  second  cause  is  very  small, 
and  it  acts  rather  by  breaking  the  coal  and  presenting  ft-esh  surfaces  for  the 
absorption  of  oxygen. 

Coil  Storige.— rrof.  Lewes  gives  the  following  recommendations  for  the 
storage  of  coal:  ••  The  coal  store  should  be  well  roofed  in,  and  have  an  iron  I 

floor  oedded  in  cement;  all  supports  passing  through  and  in  contact  with 
the  coal  should  be  of  iron  or  bnck;  ir  hollow  iron  supports  are  used,  they 
should  be  cast  solid  with  cement.  The  coal  must  never  be  loaded  or  stored 
during  wet  weather,  and  the  depth  of  coal  in  the  store  should  not  exceed 
8  ft.,  and  should  only  be  6  ft.  where  possible.  Under  no  condition  must  a 
steam  or  exhaust  pipe  or  flue  be  allowed  in  or  near  any  wall  of  the  store, 
nor  must  the  store  be  within  20  ft.  of  any  boiler,  ftimaee,  or  bench  of  retorts. 
No  coal  should  be  stored  or  shipped  to  distant  ports  until  at  least  a  month 
has  elapsed  since  it  was  brought  to  the  surface.  Every  care  should  be  taken 
during  loading  or  storing  to  prevent  breaking  or  crushing  of  the  coal,  and 
on  no  account  must  a  large  accumulation  of  small  coal  be  allowed.  These 
precautions,  if  properly  carried  out,  would  amply  suffice  to  entirely  do 
away  with  spontaneous  ignition  in  stored  coal  on  land." 

When  the  coal  pile  has  ignited,  the  best  way  to  extinguish  the  flre  is  to 
remove  the  coal,  spread  it  out,  ana  then  use  water  on  the  burned  part.  The 
incandescent  portion  is  invariably  in  the  interior,  and  when  the  fire  has 
gained  any  headway  usually  forms  a  crust  that  effectually  prevents  the 
water  fh>m  acting  efficiently. 

MODIFICATIONS  OP   ROOM-AND-PILLAR    METHODS. 

Some  modifications  of  the  room-and-pillar  plan  shown  in  Fifi^.  1  can 
usually  be  applied  to  seams  whose  dip  does  not  exceed  29.  When  the  pitch 
is  greater,  rooms  are  often  turned  off  toward  the  rise  only,  and  the  cross- 
entries  driven  correspondingly  closer  together.  When  the  pitch  is  from 
5°  to  icy,  the  cars  may  still  oe  taken  to  the  face  if  the  rooms  are  driven 
across  the  pitch,  thus  making  an  oblique  angle  with  an  entry  or  gangway, 
the  rooms  being  known  as  room  breasts. 

Buggy  Breasts.— For  inclinations  between  10°  and  18*^,  that  is,  after  mule 
haulage  becomes  impossible  and  until  the  coal  will  slide  in  chutes,  buggies 
are  often  used.  Fig.  8  shows  a  buggy  breast  in  plan  and  section.  Coal  is 
loaded  into  a  small  car  or  buggy  c,  which  runs  to  the  lower  end  of  the  breast 
and  there  delivers  the  coal  upon  a  platform  I,  frx)m  which  it  is  loaded  into 
the  mine  car.  The  refuse  from  the  seam  is  used  in  building  up  the  track, 
and  if  there  is  not  Sufficient  refuse  for  this,  a  timber  trestle  is  used. 

Another  form  of  buggy  breast  is  shown  in  Fig.  7.  Here  the  coal  is 
dumped  directly  into  the  mine  car  from  the  bugey.  If  the  breast  pitches 
less  than  6°,  the  buggy  can  be  pushed  to  the  face  oy  hand,  but  in  rooms  of 
a  greater  pitch,  a  windlass  is  permanently  fastened  to  timbers  at  the  bottom 
ofthe  breast,  while  the  pulleys  at  the  face  are  temporarily  attached  to  the 
proiM  by  chains,  so  that  they  can  be  advanced  as  tne  face  advances.  The 
rope  used  is  from  i  in.  to  i  in.  in  diameter,  and  any  form  of  ordinary 
horizontal  windlass  can  be  used.  With  the  windlass  properly  geared,  one 
man  can  easily  haul  a  buggy  to  the  face  of  a  breast  in  a  few  minutes  time. 
The  buggy  runs  upon  20-Id.  T  rails  spiked  with  2i"  X  t"  spikes  upon  2"  X  4" 
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bemlock  Mnddtns  mwMI  Inlo  lengths  of  U  ft.  Tbli  lyHem  hM  been 
thoiou^y  leated  by  the  Delaware  &  Budaon  Canal  Co.,  Scrantoii,  Fa., 
and  hu  tuOTeil  a  T^  aiOCMtful  and  economical  one. 

CkiU  BraMU.— Seams  pitching  more  ttuui  iCf  are  nauatl;  worked  by 
ehut«g,  or  aelf-aotlnr  Inclines,  when  the  pllcb  Is  between  16°  and  80°,  sheet 
iron  Is  laid  to  fOnush  a  (rood  sliding  surface  for  tlie  coal.  On  Inclinations 
.,  1 —  .t-_  ,^  .jj  2QP  |[-^  nsually  neceasaiy  to  push  the  coal  dowa  the 

'-. -'_  -...v„£^-_-'=p    It  must  be  remem- 

much  depends  on  Uie 
than  bltiunlnoaa.  To 
.  shaft  smmld  be  drlTen 

, driven  to  tike  propern 

, t«l[«atlng  toward  the  slope  or  shaTt. 

Practice  la,  however,  nsnally  oontrary  to  this,  and  the  upper  levels  or  gang- 


I 


■  haulage  purposes.  S""  B 

The  pllJsr-snd-ilill  sygtem  Is  a  modiflcation  of  the  poora.and-plllar,  to 
ilchlHsBlmllsr  In  all  reepcctseicepUnR  In  the  relative  size  of  theiduan 


It  the  same  width. 
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The  fbllowliia  are  a  few  of  the  applioatloiu  of  the  plll>rAnd-aUll  melhod 
of  working  u  laey  aie  canled  oot  In  lome  ol  Che  leaiiUnfr  coal  Belds  of 
America: 

CMMllaiill*  Rtflon  IB.  L.  Auehinuty).—Flg.  11  itiows  the  commoo  method 
used  in  the  ConnelUvllle,  P*.,  region.  The  average  dip  »  ■bout  6t-  The 
&ea  and  bnct  headlnct  are  driven,  leepectlTely^t  rizht  angles  lo  eaoh 
olhei  on  Che  tlice  ana  the  butc  of  the  coal.    The  fice  beadingi  leare 


le  face  of  the  coal  th 


length  ot  300  n.,  thlg 

ha Wng  proved  the  moat 

i^ifent  length  for 


__  ft.  In  width  and  ai . 
spaced  42  to  Ba  ft. 
between  centers,  de- 
pending  on   depth   of 

The  headings  are  8  ft. 
wide,  and  In  all  mala 
butts  and  faces  the  dls- 


MBTBODS  OF  WOSXaO. 


eoDihler«d  u  a  trt*  of  Hie  n^on, 
~' —  kitenuted  luen  o(  loft  alule 
and  coal  for  itt.  Tbe  bottom  is 
an  IS"  layer  of  hard  SrecUj 
and  slBt«.   Thcae  Boor  and  tool 

_.  ...^_. ioft,«iidare  easllr 

tqr  air  and  waUr. 


— Ilea 

tbe  iDatetlal  below  coal  li  bard 
UmcBlOne,  requlidns  blutlDK  to 

the  Toof  alatee  are  much  nkore 
•olid  tban  at  Leldi,  and  n< - 


of  drawlnr  ribs  la  one  of  the  beaatles  of  the  ifsleni.  d 
BoeeeuAiUj  In  a  aoR  coal  like  tbe  ConnelliTllio  ccal  tb 


7  In  a  aoR  coal  like  tbe  ConnelliTilfe  ccal  than  in  bard  coal.  Tbe 
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ootluMlf  Ifflnn.   Wlum  MOCMUT  to  protect  the  top  or  bottom,  ltd  tin.  o{ 

ookl  are  left  ooTerins  the  nft  niMerlal. 

The  metliad  u  ^veu  above  i*  often  epplied  to  a  vhole  nrlea  of  botCi 

(4  or  5)  Moncelmteadof  tobultb;bult.  u  shown  In  Fig.  u.   In  tbla  case, 

work  b  atarted  at  the  upper  end  of  the  uppermoM  butt  uid  progrenei,  aa 
m  In  Fig.  It;  buL  afEer  catttng  acroa  the  butt  heading  from  which  the 
IS  were  oiiTen,  the  butt  headlog  itself  and  the  upper  roomj  fiom  the 

jd  butt,  or  that  Ji       '    '  f     -    . 

■llces  beln«  retooved  fr.  _ 

neit  lover  butt,  etc.,  all  oi 


wide  iri^24  ft.  pillar  to  10  R,  air-course,  in  which  roof  bteltup.  A  IS  R.  to 
KfU  chain  t^lailB  left  between  ali-courae  and  beei  of  rooma  from  the  lower 
heading,  every  fourth  to  eighth  of  which  la  driven  through  to  the  alr-couree 
to  iborten  the  travel  of  the  air.  The  rooma  are  therefore  IW  to  200  ft. 
long,  and  the  men  pueh  the  can  to  the  face,  an  important  economical  Item 


noonu  ale  !1  R,  .  __ ,  . ^ 

between  the  ArU  room  on  any  room  heading  and  the  main  heading,  and 
roof  U  not  taken  down  In  rooms.    Main-heading  track  Is  nsuallv  so-lb.  iron. 


'e  H  R,  wide  with  a  IS  R,  pillar,  and  a  1C  R.  chain  pillar  U  Ic 

*— * room  heading  and  the  main  head' 

.    Main-heading  track  Is  nmially  30. 
r  ^ — . 1  —  ..• — <-"iedin  tl: 


room  heading,  12  lb.,  and  2"  x  V  Btrap  Iron  let  on  edge  li  uaedTn 

Inlovr  coal.    Mine  can  hold  from  6C0  to  800  lb.  in  Eiw  aeanu,  ■ .. 

2.0001b.  in  the  KMulled  thick  eeanu,  i.  e,.  8  ft.  8  In.  to  4  ft.  thick. 

ReyMMnill*  Rtilon.— The  mesBUrea  are  very  regular,  and  the  method 
employed  the  typical  one  ihown  In  Fig.  1.  The  average  thlehnen  of  the 
pmiail]*!  nam  last  R- and  the  pitch  la  ^  to  1°.   The  coal  Ii  bard  and  firm. 
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KDd  contalM  no  sm;  the  cotbt  la  light,  vaU  on  top  ot  the  CO«J  tbew  U« 


TV  Hystem  m 

rt.  pfllarbeli  ..  ..     _ 

lar  is  left  along  the  main  headings.     The 

m  Qlo  30  (t.  thick. 


neckB  being  tf  n.  wide  &nd  la  ft.  long.   Tbe  pIIloiB  an 


cally  level,  or  haejUBt  sufficient  dip  lo  affiiTd  drainage.  1 .„ 

Lpltntatlon  1b  to  advance  two  parallel  headings.  SO  ft.  apart,  on  lb. 

LlaofB00to600ft.,croB9-headln«aretumedtorlgh( 

-^Ina^TOomBare  tamed  off.    These  cross-headlngg 


„_  __e  driven  from  8 

24  R.  wide  ana  'J50  to  300  fl.  long 

about  15  to  20  ft.  wide.  Theseplllsrs  arc  withdrawn  as  soon  as  the  panel 
or  rooms  has  been  flnlahed.  The  rooms  are  driven  !n  from  the  entrr  about 
10  rt.  wide  for  a  dlatanee  of  20  ft.,  and  then  the  room  Is  Increased  In  width  on 
one  side.  The  track  usually  (bllowa  near  the  rib  of  the  room.  CTDSHsnts 
on  the  main  and  eross-hcadlngB  are  mode  every  75  to  100  ft.,  and  In  rooms 
about  evory  100  ft.  for  ventilation. 

The  douhle-beading  system  of  mining  and  ventilation  Is  In  vogoe,  Over- 
Casts  are  largely  used,  but  a  great  many  doors  are  used  In  some  ot  the 
mines.  Eooma  are  worked  In  both  directions.  This  Is  tbe  (renenl 
practice  when  the  grades  are  sllaht.  When  the  coal  dips  over  If,  tbe 
rooms  are  driven  in  one  direction  only.  In  this  case,  the  rooms  an 
made  longer,  as  much  as  KO  ft.  It  Is  the  custom  then  to  Iveak  about 
every  third  mom  Into  the  cro»-headlng  above  (a  praeMoe  111  advtaed). 
The  Door  of  thli  bed  of  coal,  being  composed  of  ihaie  and  Htwilar,  oflaa 
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The  dlmeoaloDs  of  rooma  ftnd  pillars  giien  are  for  a  mine  (with 
ooTering  aoO  M  SOO  It.  thick)  having  a  faiily  euod  and  Btrong-  roof,  where 
loof,  bottom,  and  thlaknesB  of  cover  change,  Iheae  dimengiona  are  altered  to 
Bult  the  requirements.  The  main-heading  plllan  ma;  be  reduced  to  30  or 
W  ft.;  the  rooma  may  be  mode  16  It.  wide  with  12  It.  idllan.  aad  no  burlai 

_±.. »._  <_*fc  —  >jjg  croaB-headinm. 

a  Tery  much  followed  la  other  porta  of  the  Btat«;  at 
de  to  do  HO,  but  local  diaturboDcea  often  require 
Ma  plan  li  followed  on  some  porta  of  New  BiTei, 
>p  Held. 

:.  iSfrow).— Fig.  12  shows  the  common  meihoda  need 
no  coals.  The  seame  now  worklDS  Tory  ftom  2  to 
ch  fKm  2°  to  40°.  Where  the  aeama  are  Hiin,  the 
I  of  about  20  to  80  ft.  are  used  to  support  the  rooL 


The  thick  seama^are  aod  and  easll}'  tapken,  and  much  larger  pUUts  are  left. 


rlay  bottom  a 


rdtol 


.d  aandalone  roof 


her  Bide  of  the  Blope.    Where 


_.j  the  coal  does  i__. 
X,  chutes  ore  worked  and 


S," 


buttaood  headtnge  can  be  driven  li ,   , 

driven  to  aeoure  a  light  grade  lOr  hauling  toward  the  mouth.      Cross- 

Iwadlngs  making  an  angle  of  8»°  to  40°  ar«  nsualir  driven  direcU;  to  tha 
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TlM,  *ndof  QiedlmeniloiiiabowiL    Fnianaredniniw  WMiMtlMio 
are  complstod,  bdu  attacked  aa  the  endi  and  &om  ttw  roomi  or  '' 

ride,  the  coal  beinFaiOTelH  —  •"-  — ' ' — ■- '-  "■- 

wldeidUaigaraii^t.   Sot 

the  entlie  bed  it  remoTed  at  rapidly  aa 


1  btdoiF  uioreled  to  the  mhie  car  on  a  track  In  the  nwm.  Verr 
am  iiiut.  Ho  e&bit  k  made  to  hold  np  the  oTerlTlDg  itrata.  ana 
ilitremoTedatTapldlratpotBlble.   AneztractlonofHi^of the 


dlslntegratloii  of  the  toof  by 

"rashlugt,"  0 '"' '  -'■  - 

brittle,  and  n 
lUneralt,"  Vi 


brittle,  and  legnires  considerable  Saber  to  keep  It  In  place,— ("  Mtnee  and 
"■ — '- "  Vol  \9, : —  ■" ' 


-.,-11,  Pi.— Coal  Is  generally  mined  from  driKt,  bat  In  a 

few  CBMS  t&  tlopet.  FlK.  14  ghowB  the  general  method  adopted:  ttie  breasta 
are  run  at  nght  anglet  to  the  alipe;  the  breast  pillars  are  eplit  by  a  cent« 
beading  and  taken  out  as  soon  as  the  breaata  are  flnlBhed,  The  gaogirey 
plllan  are  taken  out  retreating  from  the  crop  or  boundariea  of  the  isoperty. 


The  seneral  averiwe  Of  (he  coal  teanu  la  not  over  3t  ft.,  accompanted  br 
flreclay  and  some  Iron  ore.  The  dip  of  the  veins  la  about  3^—("|[tnea  and 
Minerals,"  Vol,  19,  page  126.)  _ 

Indlaat   Coal   Wnlti.—  Fig.  IS  showt  the  double-ent^  ioom«nd-pOlaT 
method  at  oted  In  Indiana.   The  eotrlea  are  generall;  <t  It  hlftt,  B  ft.  teoad. 


lows  MSTBOD. 

the  nUnltnnm  height  requlnd  ^3J  Ikw 


Lkw  bBlng  4  ft.  S  In.    Ttt  loomi  ua  from 

I  geDerallr  (hallow.   The  Rmiu  In  Fls.  IB 

but  K  more  luiuU  method  Id  (hlj  locultf 

.  .lb,  leavlDK  one  atnlglit  lib  tot  the  r— ■ — 

.— ) " Mlnea  uid  EllnenJ>,"YaL  30.  page  30 

J  Ilea  at  a  depth  of  !DD  It  below  the  aMfcoi 

..  -^ It  of  the  Ulnourt  ukd  niaoU  fleldi.   It 

iibadiueziendliiKiiorth»e«t«ii4KnitheaMwidoutciopiiiiglDthe 

larger  rtrei  beds.  The  Mama  are  piactloallr  IsTel,  non-gaaeoiu^  and  dbD' 
taaXlj  underlaid  by  flteola]'  and  OTorlald  b;  a  niccealoii  of  ahalu  auUI- 
stones,  and  Unuatonea,  wtuch  are  geDerall;  of  a  yiddln^  natuie.  imiis  a 
mag,  good  toot  tor  mmlng.  There  are  three  dlmnct  ieama,  the  loww  one, 
hich  vaiiee  from  4  to  7  ft.  In  thickness,  bdng  the  oaif  one '— *    "*-- 


■  lo  widen  the  room  on  Che  Inbye  rib,  leaving  one  atralaht  lib  for  the  pmteo- 
Ion  of  Ihe  road  in  the  room.— J  ■■  Mlnee  and  Hlneral<,"YoL  30.  page  aE.) 

Imt  Caal  Hlalii.— The  coal  Ilea  at  a  depth  ofSDD  It  below  the  nufluw.  and 
,-_,_„_..._„—._  .,.-.  ...u-  w. .  — d  ntnoU  fleldi,   ItUealn 


croffi-entries  6  to  6  yd.,  and  fi>r  the  roomi  3  to  6  yd.    Boom  rilli 
drawn  In  when  approaching  a  orofi»^!ut    "— ' '  -'" ^  '- 


excellent  for  Meam  and  domeetic  niee.    About  Cenlerrille,  ti 
dlitlnct  cleat,  bnt  ebewheie  In  the  Stale  this  Is  lacking. 

''^*  entry  pillars  along  the  main  roads  are  0  to  S  yd.  thick.  Ibr  the 

«i™  ■  1..  I  -.1    — A  &._  .1 Domi  3  to  6  yd.    Boom  plllari  are 

,, „ Both  room -and -pillar  ana  longwall 

methoda  are  In  uee,  with  modlBcallons  of  each.  Id  the  room-andjdllar 
Byatem,  the  double-entry  gyetem  ts  almost  Iniariably  used  In  the  Uinr 
mines.  Booms  are  driven  off  each  entry  of  each  pair  of  croesentrle*  at 
distances  of  30  to  40  ft,  center  to  center;  the  rooms  are  8  to  10  yd.  In  width, 
and  pillars  Sto  4  yd.  The  rooms  are  oarrow  for  a  distance  of  3  yd.,  and  then 
widened  Inbye  eX  an  angle  of  45°  to  their  f\ill  width.  They  vary  from  SO  to 
lOD  yd,  in  leiurth,  and  the  road  Is  csnied  along  the  straight  ilb. 

When  doable  rooms  are  driven,  the  moufhs  of  the  rooms  are  40  to  50  R. 
apart,  and  they  are  driven  narrow  ftom  the  entry  a  distance  of  4  or  5  yd. 


A  eroas-cnt  is  then  made  connecting  them,  and  a  breast  IE  yd.  wide  is  driven 
npSOtofOyd.   The  pillar  between  each  palrofroomslslStolSyd. 

In  |dl]ar-and4tal]  wc"^    '**"  '^-^'-  --"  ..-..-ti-  •..».»i  «»  ..--... 
vridened  inalde,  ii    ~ '" 


e  osually  turned  off  narrow  and 


_  _ _  , her  dlagoikal 

hreuts  are  used  where  the  conditions  are  such  as  lo  biduc 

Rooms  aie  tnmed  narrow  off  entries  and  are  arranged  in  seia  oi  u  to  ii 

luoms.  with  a  pillar  10  to  20  yd.  wide  between  the  sets  of  rooms.  Whenthe 
rooms  have  progressed  a  short  distance  from  the  entry,  they  are  connected 
by  crosscuts,  and  the  longwall  face  is  carried  forward  ftom  this  point. 
Packs  are  built  and  the  roof  allowed  to  settle,  as  in  longwall.  The  wide 
idllars  are  taken  out  after  the  nofhaa  settled. 


or  wosKiyf. 


tlut  of  oondnctliig  the  air  to  the  loilde  woikliuB  br  meuu  of  an  wt-ootme 
formliw  the  back  enUT  of  eaeh  haulage  rotd.  Fiomthli  point  It  ii  carried 
along  the  bee  of  the  loomi,  Uuouah  the  bieakthroo^ia  oi  cnWHiata  in  the 
room  pUlan,  retundnK  thence  to  ih«  haulage  road,  which  la  luuall;  made 
the  return  alrwaT.  when,  however,  the  mine  Is  ventilated  hy  means  of  a 
furnace  or  an  exhaust  fim,  tbe  intake  airway  is  usuoU;  made  the  hanlags 
road.  In  ocder  to  avoid  doom  at  the  Hhait  bottom. 

The  Ttili,  Cillfornli,  mitliDd  is  shown  In  fig.  16.  The  coal  seam  average! 
7  ft.  of  clear  coal,  and  pllchea  fiO°.  This  eyatem  was  adopted  in  a  portion  of 
the  mine  to  get  coal  rapidly;  fOr,  at  this  point,  a  abort-gmlned.  slate  cap 
rock  came  in  over  Che  coal,  making  it  difficult  to  keep  piopa  In  ^ace.  The 
Boor  la  a  dose  bloe  slate  and  has  a  decided  heaving  tendency,  ihe  roof  tt 
an  excellent  sandstone.  There  is  a  small  but  troublesome  amount  of  gaa. 
Two  double  chutes  ara  driven  op  the  pilch  at  a  distance  of  SG  tt.  apart,  eon- 
nected  every  40  ft.  by  cms-culs.  One  side  of  each  chute  is  used  for  a  coal 
chute  and  the  other  fOr  a  mauway  and  alr-conrae.  At  a  distance  of  12  yd. 
M>u(  small  gangways  ore  diiven  parallel  with  the  main  mine  gangways. 
lliese  are  continued  ftom  each  chute  a  distance  of  SOD  ft.,  If  the  condltlona 
warraot  it.  The  top  line  Is  then  attacked  from  the  back  end  and  the  cool  Is 
worked  on  the  cleavage  planesi  the  breast,  or  room,  therefore  contists  of 
a  U-yd.  &ce.  Including  the  drift  or  gangway  throi^h  which  the  coal  is 
carried  to  the  chutes:  a  rib  of  coal  (2or  3  ft.)  Is  left  between  Ihe  breasts  to 
keep  the  rock  from  iklliug  on  the  I>reast  below.   Thus  In  each  breast  the 


FlO.  17. 

miners  have  a  working  face  of  about  15  or  16  yd,,  and  as  the  coal  is  directed 
to  Ihe  car  by  a  light  chute,  moved  along  as  the  face  advancea,  the  coal  is 
delivered  Into  the  care  at  small  cost,  and  but  little  loss  results  th>m  the 
falling  coal,  aa  a  minimum  oC  handling  is  thus  obtained.    Immediately 

-I — ..«  ^^^^  — «„,.,«,-  — J  .,- — .!__  i!r "---Teniain  chutes,  an  angle  chute  is 

,  __ „  cast  gangway  alioveTt,  and  Into 

chulcs  the  coal  from  that  bresst  is  delivered,  runs  into  the  main  chute. 


above  each  gangway,  and  slartiog  tVom  tbese  main  chutes,  an  angi 
j-i .  .1 — .  .in 'ting  with  the  breast  gangway  aliove  It 


ji  the  main  gangway.    Tbese  angle 
-lain  chute  fun,  and  a'  ■■• 


i  of  keeping  the  i 
They  also  ^erve  the  purposes  primarily  Intended,  of  saving  the  coiu  tn>ia 


e  giving  each^breant  an  opportutiU^  to  send  out  coal  contlnuousl]'. 


'cakoge,  by  giving  Tt  a  more  gradual  descent  Into  the  mil  chute,  'Hie 
>reast  gangways  are  driven  6  ft,  wide,  >'o  timbers  are  needed  In  these 
uigway&  as  tbey  are  driven  in  the  coal,  except  on  ttl«  (tot-wall  or  Soor 
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Me,  wbleb,  M  before  stated,  it  a  Arm  nndglone.    It  iBlOnnd  mktt  to  Icare  > 

rib  of  coal  OQ  the  lop  of  the  brea«  2  or  S  (I.  thick,  until  the  working  bee  bu 
pasted  oo  12  or  15  ft.,  when  this  rib  Is  cut  oat  and  thus  nil  the  coal  extracted, 
the  nx>f  caving  behind  and  Ailing  In  the  opening.  As  cross^cuta  are  driven 
ever;  36  ft.,  ventllatlOD  li  kept  aloog  the  working  face«,  and  a  mlt  and 
effectaal  meana  of  sepuring  all  the  coal  In  the  seam  ft  thus  attained. 

lig.  17  shows  another  eyslem  used  In  No.  T  vein  at  the  nme  place.  The 
seam  aTersges  7  ft.  of  coal.  The  roof  is  shelly  and  tireaks  quickly,  hence 
the  coal  must  be  mined  rapidly. 

In  this  sygtem  the  gangway  chutes  are  driven  at  right  angles  wltb  tbe 
strike  of  the  seam,  40  R.  up  the  pitch;  a  croas.cut  6  fl.  X  <  t.  is  then  driven 


1! 

■  i 


Pig.  18. 
parallel  ViKb  the  gangwar.  From  this  cross-ct 
olBtance  apart  oa  the  gangway  chutes  130  ft.),  at  an  angle  of  SlP.aaA  cross- 
cuts are  driTen  every  40  ft.  between  chates,  for  ventilation.  After  a  panel 
of  five  or  more  ohnles  1>  driven  up  the  required  distance,  work  Is  com- 
menced on  the  upper  outsldi!  pillar  and  the  nUUrs  on  that  line  are  drawn 
and  the  next  line  b  attacked,  and  this  is  continued  until  the  panel  or  block 
IB  worked  down  to  the  cross-cut  over  the  gangway.  About  every  90  ft.  In 
this  level  It  is  found  advantageous  to  build  a  row  of  cogs  parallel  with  the 
strike  of  the  aeam  as  the  pillars  are  drawn.  This  serves  to  save  the  crushing 
of  the  pillars,  and  prevents  any  accidents  from  falls  of  rock.  But  fow 
ttmbers  are  reqoh^d  by  ttali  system.— ("Uloes  and  Minerals,"  Vol.  It, 
pagel4B.) 
11-A 


3QS  lOTBODB  OF  wosxiaa. 

■m  CmU*,  Mtnit,  ■ttkM.-The  foUowliu:  method  m  dtMEdbed  br  lb. 
B.  H.  Bom*.  Chief  aufiixxa  of  the  Caloi»do  Fuel  uid  Inm  Co.,  U  naed 
■t  New  CuUe,  Colo..  fbrElshlr  inclined  UtDiDliuNiaaauui.  The  oo«la  mined 
■re  only  fUrl;  hud,  ood1*1ii  (oiuldenible  mi,  tuA  make  much  waste  in 
mlninc  V\g.  U  rtunn  the  method  need  for  extnKUiix  the  Wheel«r  oi 
thiokw  T«la  to  Iti  full  width  of  <£  ft.,  and  the  E  nam  Uft.  thick,  excepting 
that  left  Ibr  plllan.  Boonu  and  idllan  are  laid  o«C  onder  MOh  other  In 
the  two  Banu  whenever  piBCtiiiable.  Kntrleaarealongthelbot-wall;  SOIL 
ap  ttie  idtch  Is  ui  air-courae.  Booms  and  teeasts  ara  laid  oat  u  shown 
in  B  and  C,  Fig.  IS.  In  the  Wheeler  vein,  the  nunwajpi  so  through  ttke 
enOy  plllan  to  the  air-course  and  tbenoe  alons  the  ribs  each  ode  of 
the  room,  one  manwa]'  to  the  main  entry  eerrlng  lot  two  doutde  rooms.  A 
lower  bench  of  8  R.  Is  flist  mined  the  full  Isnnh  of  the  tooms,  ISO  ft.,ride 
manwaya  being  prateoted  b;  verUcal  or  leai^ig  vtajm.  bordered  with  8" 
planks  outside,  and  the  chute  or  batterr  Is  then-put  In.  Atthe  (op  the  rooms 
are  oonnecled  hj  oio«»4nta.  and,  occaaloaalljr,  Intenoedlate  croas«ats  are 
reqnlred.  Tlie  room  is  kept  ttall  of  loose  coal,  ouir  lafflolcnt  belEu  dntwn  te 
keep  the  workliw  floor  at  the  proper  heMit  Ibr  the  mining.  When  driven 
(o  tAe  limit  ^od  with  ciosa-cuts  connected,  the  coal  la  aU  drawn  ont  at 
the  chutes,  which  have  receptacles  for  rock  and  waste  at  their  sides,  to  be 
picked  out  by  the  loaders.   The  next  operation  is  to  drlTS  across  the  team  M 


...      , -^...-., ilbeiiis 

iB  required.    BecHon  i>.  Pig,  18,  tfiows  a  method^ 

robbing  a  pUlai.   Id  doing  this,  the  manwaya  are  moved  back  into  the 
idllar  each  side  10  ft.  or  sn,  by  mining  on  the  lower  bench  as  belbre.  and 

Cl...  .^pg  drilled  into  thf  — '  —•'•  ■ ■*-"'-  -'-'-'-  •— — ' >•  -' 

erhanging  part  ai 

MODIP10ATIONS    OP    LONOWALL    METHOD. 

good  arrangement  of  the  main  and  temp 

.    Thechlefobjectlnttny  planof  longwall   „ 

eot  toadwajB  tbe  arteries  of  the  ayslem,  nroTidlng  the  most 
a  all  sections  of  the  mine  to  tne  shaft   The  temporary 


LONOWALL  XSTBOD. 

rotds  or  worHiis  pUcei  ai 

unOl  cut  off  by  aubroada  braDcUng „ „ 

road!.  In  the  B^re.  ftiU  heavr  lines  lodiciile  the  perauneut  liuiLicevB;^ 
eicepi  only  Uie  nuln 
intake  airway  (12  ft. 
wide),  lonnlng  weM 
ftam  Dm  downcast  abaft 


the  eaat  aide  to  the  nun- 
way  arouiultlieupoaat  U, 
which  iB  tlie  EolAina 
Bhaft.    IHe    full   1" 


llghl 


cnt  off  tlie  « 

S laces,  ahoim  by 
otiedllnea  The •»!.__ 
are  located  as  shown  In 
the  shaft  pillar,  between 
the  two  ahans,  where 
tliejr  will  not  contami- 
Dale  the  air  (oing  into 
Aa  mine,  but  will  receive 
alt  fteah  fiom  tlie  down- 


onoe  Into  the  upcast  cur- 
rent. This  pontlon  alBo 
aflbrda  ready  accen  ftom 
either  shaft  In  caw  of 
accident,  and  for  the 
taandllnK  of  teed  and 
refuee.  The  pumpa  may 
be  located  la  any  con- 
venient potitloo  at  the 
Ibot  of  the  upcast.  The 
shaft  bottoms  are  driven 
14  n.  wide  nearly  through 
the  shaft  [dllar.  and  are 


The  width  of  all  other  roads 

and  BUbroadsla  made  S  ft.  The 

extra  width  of  the  straight 

,d  through  the  hoisting  ehaft 


iti  form  the  return  of  two  aecUona    This  will  be  accomplished  tn  o^ 
ting  the  main  road  forming  the  shaft  bottom,  and  carrying  half  the  i 

tt  by  this  means  to  the  eaM  face,  where  it  is  again  divided.   The  ec. — 

thing  Is  done  on  the  west  side.  The  divided  currents,  after  traversing  the 
Ikcesof  their  own  respective  sections,  unite  and  return  to  the  hoisting  shaft 
tar  the  m^n  haulage  road. 

WhMi  the  roof  la  very  solid,  the  gob  roads  tnm  off  the  entries  at  15°,  and 
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mar  *»  *  conililenible  dMuics  Bput.  n  that  tha  tracka  can  be  taroed  Id 
aloQg  the  worklug-  face  and  Ibe  mine  can  loaded  at  the  Au».  When  the 
roof  u  tendei,  "mfring  It  Impoadbla  to  ""'"'*'"  auDdeDt  room  lt>r  the  mine 
can  to  paas  along  the  fkce,  aob  roads  are  tocned  off  near  (qgether,  and  the 
mine  cars  mn  to  the  road  beada.  to  which  polnta  the  coaTla  ahoTaled  oi 
hanlod  In  buckets.  When  the  worUtw  l»m  baa  reached  Booh  a  dlMance 
ftom  the  bollom  of  the  shaft  that  it  beoomea  impoadble  to  voik  rapid); 
enough  to  aioid  the  destructlTe  welghdng  action  of  the  root^  the  "'"'"g 
muit  be  divided  Into  j«iiel>  or  wotloaB,  the  working  bee  of  each  of  which 


mine  having  an  extra  amount  of  etovlng  matertal. 

It  Is  not  necesairy  that  the  dopes  be  sunk  to  the  boundary  line,  In  which 


,e  pltluB  ahonld  be  large  and  left  In  ao  that  the  dAi 

tmrkingt,  as  they  are  Called,  oui  be  oonUnned  downwarda  when  dedred. 
In  this  war.  ^B  flrat  coat  of  opening  up  la  neaUy  lednced.  The  veutlla- 
tlon  of  these  workings  la  quite  >linple,(he  intake  btiog  sMt  at  the  endi  of  the 
main  entries,  or  alopee,  and  the  air  forced  along'  the  dlBierent  working  lacea 
to  the  right  and  lert,  and  [hence  to  the  npcasf  by  way  of  the  maln-retDm 
aliwaya.  if  at  all  possible,  it  la  adviiahle  to  provide  an  outlet  near  the 
tii-m  o(  the  rise  workings  that  are  advancing  upward^  becauae  the  lifter 
■— ~  cannot  be  foreea  aown-hill    with   saUs&Ction  unless  am  "- '■■- 


oclty  of  the  air-current  lie  maintained.    Theea  ayatems  are  well  adapted 
a —  „p  abaliow  mines,  aud  tc  -" ' — ■ — '-  ' '-' 


deTelopment,  provided  the  work  is  carried  on  quickly  and  steadily. 

Onrnaad-ltitiai  NttliMl. — Where  several  thick  and  heavily  pltchliig 
nramn.  In  which  conaiderable  flredamp  !s  given  off  and  the  roof  tklH 
fteely,  an  to  be  worked,  a  shaft  is  sometimes  mink  in  tbe  adjacent  stnta. 
and  at  certain  distances  hotliontal  tunnels  are  driven  to  the  oool  seams. 
From  these  tunnels,  levels  or  haulage  roods  are  driven  In  each  seam  to 
the  rl^t  and  left,  provided  the  seams  ara  not  so  close  tosethet  as  to  make 
It  mora  loofitable  to  use  rock  ciiutea  or  tunnels,  through  which  the  coal 
is  run  Itoin  one  seam  Into  the  other.  At  certain  Intervals,  depending  on  the 
length  of  the  lifts  horizontally,  pairs  ol  headings,  unially  called  dipt,  are 
driven  up  the  pitch  until  thev  intersect  the  levels  and  tunnels  above. 
Headings  ore  turned  off  these  dips  to  the  right  and  left,  parallel  to  the  main 
levels  or  haulage  iwuls,  and  when  they  meet  or  have  reached  their  limit 
horliontatly  they  are  holed,  or  cut  through,  by  cross-cuts  driven  on  the 

fitch.  The  worung  bees  thos  formed  are  then  carried  back,  as  shown  In 
Ig.  22.  Bklpe  are  taken  off  the  &ce  and  the  roof  allowed  to  cave  In  after 
each  operation  and  All  up  the  gob  behind.  The  order  <rf  workinc  Is  such 
that  tbe  top  faces  ace  worked  in  advance  of  the  lower  ones.  The  can. 
which  are  taken  to  the  working  faces,  are  handled  In  the  dips  by  balance 
ir  back  baianea,  as  Ihey  ar«  termed  in  some  localltlea.   The 


bek 
the 


306  METHODS  OF  WOBElltS. 

There  aie  two  meUiode  of  idIiiIdk  thick  coal  In  breuts  wlun  DMilr  t*X. 
(1)  Tbe  breutti  are  opened  out  and  driven  to  the  limit  In  the  lower  bench  of 
coal,  and  the  top  benches  are  blown  down  aflenrardi.  beginning  »t  the  Ikce 
»Dd  working  beok.  (2)  When  the  roof  Is  good  md  there  u  no  danger  of  lis 
tailing  and  clodog  up  the  wurklngE,  the  upper  benches  nuiv  be  worked  in 
the  opposite  direction,  beglnutng  fit  the  gangwavand  driving  towards  the 
limit  of  the  lift,  or  the  worklngof  the  upi>ei  bench  may  fbllow  up  that  of  the 
tower  beiieh.  when  the  ecam  Is  loss  than  12  ft.,  (be  top  Is  tnpported  by 
props;  Id  thicker  Beams,  the  expense  Is  so  neat  for  prap^diig  that  but  little 
attempt  Is  mado  to  support  the  roof.  In  the  thicker  antbradle  aeaini 
{notably  the  Mammoth),  the  coal  in  the  bieasIB  Uao  worked  as  to  make  an 
arch  of  the  uppffl  benches  of  coal,  which  acts  as  a  temponuy  support  fi»the 
loof  the  coal  m  the  arch  belns  extracted  when  the  plllan  are  robbed. 

When  the  Inclination  of  anthiaclCe  seams  Is  less  than  SO",  the  breasts  may 
be  opened  with  one  chute  In  the  center,  which  ends  In  a  platform  projeotlng 
Intit  the  gangway,  off  which  the  coal  can  be  leodlly  loaded  Into  the  mine 
car.  WhenthiB  method  la  employed,  the  refhse  Is  thrown  to  either  fdde  of 
the  chute.  If  the  ptllare  ore  to  be  robbed  by  sklppInK  or  slabbing  one  rib 
only,  It  is  well  to  keep  most  of  the  refhse  on  one  side.  BomeUiDes.  when  the 
top  Is  good,  and  the  breasts  are  driven  wide,  two  chntei  ore  used,  but  the 
cost  of  making  the  second  chute  is  considerable  and  Is  therefore  not 


re  turned  off  the  gangway  In 


Fia.2a. 

so  yd.  The  breasts  are  about  8  yd.  wide,  and  the  {dllar  between  about  6  nL 
wide,  which  is  drawn  bock  as  soon  as  the  breoste  reach  the  airway  near  the 
level  above.  In  the  middle  of  each  large  pillar  between  the  several  p^n  ot 
breasts,  chutes  about  4  yd.  wtde  are  driven  from  the  gangway  up  to  the 
airway  above.  These  are  provided  with  a  tmvellng  way  on  one  side,  elviDg 
the  miners  free  accem  to  the  workings.  Small  (leadings  are  iblvea  In  the 
bottom  bench  of  coal,  at  right  angles  to  these  chulea,  and  about  10  or  ao  yd. 
apart.  These  headings  are  continued  on  either  side  M  the  chutes  nnm  tbqr 
Intersect  the  breasts.  When  the  chute  and  headings  are  finished,  the  work 
of  getting  the  coal  in  the  panel  Is  begun  by  going  to  tlieend  of  the  upper- 
most heading  and  widening  it  out  on  the  rise  fflde  until  the  olrwov  above  Is 
reached  and  a  working  face  oblique  to  the  heading  Is  formed.  Tnlabceli 
then  drawn  tiaok  to  the  chute  In  the  middle  of  the  panel.  After  the  work- 
ing &ce  In  the  uppermost  section  has  been  drawn  back  some  10  or  12  yd., 
work  In  the  next  section  below  Is  begun,  and  soon  down  to  the  gangway, 
working  the  various  sections  In  the  descending  Order.  Both  ddes  of  we 
pillar  are  worked  dmllarly  and  at  the  same  time  toward  the  Chute. 

Bmall  cars,  or  buggies,  are  used  to  convey  the  cool  from  Um  working  Ihoet 
alone  the  headinga  to  the  chute,  where  It  Is  run  down  to  the  gangwaTT)elow 
and  loaded  Into  the  regular  mine  cars.    This  system  aflbrds  a  great  degree  Of 

perfectly  safe.   A  great  deal  of 
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«  produoed.    The  breuU  ki 


tltuntl^or , 

lnter™l«.  to  get  •  fclr  qii«ntH, 

and  they  are  not  on  enentl&l  put  of  the  sji 

facility  mA  cheapnen  with  which  the  oo*I  ■ 


.  _.    drtven  Inpkln  utd  at 

it  coal  while  the  dutow  work  U  belnx  done, 
slem.  It  li  clKlmed£u  tbe 
can  be  mined,  handled,  and 


fia.  ■2i. 

of  gas  la  given  off.   The  chule*  are  extended  np  along  the  rib  to  within  a 
few  feet  of  the  worldng  ioce,  either  b;  planking  carried  on  apright  posts,  or 
by  boildlna  a  jugular  manway,  aa  shown  in  the  sections  (al  and  tfi).  Fig.  2G. 
rhese  chutes,  built  of  jagvlaTi  or  iacUned  props  and  bced  by  7!'  plank,  are 
TuodB  oa  nearly  air-tight  as  possible,  tn 
carry  the  sir  m>Qi  the  heading  a  to  the 
working   Ioce.     Pig.  24   shows  a  breaat 
on  a  pitch  too  steep  to  enable  the  miner  to 

keep  up  to  the  face.    In  seat " —  " 

35°,  the  platform /shnwnnt 
the  breast  is  unneceasary,  f 
thicker  than  12  ft.  I'   

bie  (1 
oudl^ 


la  separated  from  Che  refuse  . 
on  me  piauorm  /,  and  la  run  down  the 
Toanway  chutfie  and  loaded  Into  the  ears 
from  a  platform  projecting  int«  the  gang- 
war  g-  The  relUse  Is  thrown  In  the  middle 
Of  uie  breast  behind  the  platform.  A  cer- 
tain omonnt  of  coal  Is  kept  on  the  p1a^ 
form  to  deaden  the  blow  from  the  (kUlng 
coaL  The  chDtes  are  timbered  when  the 
oharacto'  of  the   coid  requires  it.    This 

eta  con  also  be  employed  In  thick  seams 
ving  a  heavy  dip,  ft  there  Is  enoojih 
refbae  to  All  the  center  otthe  breast  so  that  the  mlt 
platfbnn. 

Fig.  25(al  Ib  a  section  through  p,  p  when  jugulan 
yi  6,  b  along  the  sides  of  the  bl •-  — ''  "' 


.n  work  without  the 
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nme  Hue  wheD  Qpri^t  poela  a,  a  are  used  Co  nipport  the  ^MxA.  Id  fbimlng 

tbe  mmtwayi  b,  b.     The  refuse  Id  theae  caaea  oiilr  psitl&ll;  fllls  the  gob. 

In  worklne  veiy  thick  aeuoB  on  heafy  dips,  where  theie  la  not  euoush 

refuse  to  fill  tbe  middle  of  the  breast,  the  miner  has  nothing  to  stand  on,  ine 


is  Bu^iu  Is  drawn,  out  thcough  a  ce 


reapMcOuu 
^uto.   iftb 
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it  poor,  th«  mortmcot  of  the  ookI  vlll  not  In  this  Mt-j  txaue  tt  to  fU)  kA 

_.. ..L  ->. .    ._  ,  „  jjjg  gpQj  j^  ^j^  ^jg  Jugular*,  whlEh  are  Mepped 

liable  to  be  luiie&lea,  clodns  the  maaway  and 
The  aurplua  ii  ■omeUniei  aent  down  (he  mBumyi, 
e  centei  of  the  breut  undlnuibed,  anQl  the  limit 

prevent  the  coal  ftom  running  out  through  the 
he  breaA  Is'clooed  by  a  battery  coiutmcted  by 
e  openlaen.  ai  shown  al  b,  Ftg.  26,  or  elm  ballt  on 
';  »  bole  u  left  in  the  center,  or  at  one  dde  of  tlie 
:  coal  may  be  drawn.  The  battery  closes  all  tba 
cept  tbe  space  occupied  by  the  Jugular  manwaya, 
nearly  ao  as  possible,  by  a  cOTcriDg  of  plank. 
ion  of  a  breaat  opened  up  by  a  alnEle  cnute.   The 

IB  n  shown  on  the  aecHon  B.  which  section  is 
on  the  plan  A.  Theplt«h  1*  gr^tand  tbe  Beam 
lUst  be  kept  ftill  of  loose  coal  for  the  men  to  work 
awn  otf  at  the  battery  b  and  run  Into  tbe  car. 
I  g  through  the  chute  c.    A  mauway  u  Ib  made 


aflbiding  ■  parage  foi  the  men 
to  reacb  the  working  bee.  The 
heading  a  ii  used  for  an  air- 


tho  gangway  A 
well  ptotecled. 

By  drawing  the  lOrpliu  coal 
through  a  «eDtr^  chute,  the 
manwayi  are  not  Injured  so 
mach  aa  when  It  la  £iwq  off 
■"  ■■  ■  "  I  cbutei  a<  tlie  coal 
Inclpally  along  the 
-  ■-reast.    When  the 

d  up  lo  its  llmltl 

all  the  loose  coal  u  run  out  of 
the  breast  and  the  drawing  back 


through  side  cbute^  a<  a. 
will  move  principally  aloi.. 
middle  of  the  breast.    When 


OHbla-ChaU  lattary.— Fig.  27 
shows  a  plan  tfti  section  of 
double-chute  breaits  uaed  In 
very  thick  seams  havliig  a  heavy 


_,..     _ «  altered  by  Fia.  J8. 

two  mtdn  coal  chutes  e,  c,  each 

of  wlilch  [s  provided  with  a  battery  b,  through  which  the  coal  is  drawn. 
A  manway  cnute  m  is  driven  up  through  the  middle  of  tbe  pillar  for  a  few 
yards  and  is  then  branched  in  both  directions  until  each  branch  (slant 
chute)  Intersects  the  foot  of  a  breast  near  the  battery  b,  as  shown.  The  jugu- 
lar manways  n,  n  are  started  at  this  point  and  continued  up  each  dde 
of  the  breast.  The  main  airway  h  la  driven  In  the  solid  through  the 
stomp  A  aliove  the  gangway.  By  driving  the  main  gangway  g  against  tbe 
Toof,  as  ihomi,  the  pilch  of  the  chute  Is  lessened,  and  the  loading  chute  c 
is  more  readily  controlled. 

When  the  main  gangway  is  not  driven  against  the  roof,  a  gate  is  placed 
in  the  chute  tielow  the  check-battery,  which  enables  tbe  loader  to  properly 
handle  the  coal.    Coal  In '  ■>— • —  ' ■' ' — 


opi 


«  of  the  ai 


)  the  ^e  may  be  drawn  through  the  main  battery,  _ 
nay  ehute,  ftom  wlilch  it  Is  loaded  through  an  air-tigl 
he  main  chutes  are  nsually  8  or  9  ft.  wide,  but  sometlr 


sp  the  I 


rhtcl 


ickiatlery. 


Irst  6  or  8  ft.;  above  this  they  are  driven  about  6  ... ,..,. 
ind  Omt  elMta  are  also  about  6  It.  square. 

When  tlie  seem  Ib  not  thick  enough  to  carry  the  retur 
ver  the  gangway,  the  chutes  are  driven  up  in  the  i 
1g.  37,  fbraffistance  of  about  80  ft.,  t-' "■ — '"' 


Fig.  37,  fbra£stance  of  about  80  ft.,  where  they  Intersect  the  airway.   The 
br^ut  U  opened  out  Just  above  the  airway,  a  battery  being  built  In  the  altway 


MXTB0D3  or  WOSKma. 


p  throiig*  the  mlddlt , ..  _ 

Imp  door  li  placed  at  thlB  point  to  oonflae  Uie 
about  1  ft.  X  6  ft.,  or  mullei. 

Tig.  28  showB  a  len  complicated  plan  than  Fig,  27.    The 
are  dtiv —  ■—  —  "■-  >— •■' --^ ■-'-■-  "^  > ■  •-  - 


I  compUci 
heading 


a  opened  ont:  a  log 
batterr  1>  tmllt  at  the  (op 

□f  each  chnte  at  the  potnta 
marked  a,  a.  The  chuUB 
are  used  Kir  diawliig  the 


in  which  the  accldenl 
occurs,  and  the  venti- 
lation of  all  the  bleasts 
beyond  it  it  entirely   i 
•topped.  To  overcome    I 
this,  lometimeB  the  pll-   ' 
lar  A.  ahonn  in  left-    ; 
band  brean,  Fig,  2S,  is   ^ 


All  tbeBe  method!  an 
open  to  the  ol^ectian  that 
In  cue  of  anr  aoddenl  to 
(he  bi«aat  manway,  by 
which  the  Bow  o?  air. 
re  Is  DO  meam  of  Isolating  the  breaU 


rated  br  a  few  yards  | 

4t  loTft.highandTto  I 
12  ft.  wide  are  driven 

In  the  rock  fioni  the  I 

IheleveHla  the  seam  j 

angle    that    the   coal  i 

will  gravitate  from  the  ! 

upper  aeamliiCo  the  > 
gangway 
1iig>  othe 


1.   Tbe  opening  of 
all  gangways  and  air- 
ways In  the  lower  seam,  t 
lying  a  few  feet  above  It. 


I  develop  ooal  as  yet 
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9.    I>«TelO]>liig  ths  thick  bed  by  a  regulnr  wriM  of  nel  etuta  drfren 

from  ths  nDgvftT  below;  worklngi  being  opene'*  — •  • .i....„  ..  i_ 

ordln&ry  Fallar-aud-brean  working— the  panel  lyi.... 
may  be  found  better  than  pll1ar-and-brea«t  worklaga. 

S.    DrlTlng  the  breaHi  lo  the  limit  of  tlie  lift  and  m 
fromagniiipof  breastaMaoODMHiailble.  eye 

4.  After  one  eraap  of  breaiu  !■  taken  out  and  the  roof  has  settled,  opeo- 
Ing  a  second  seiui  oTchntea  Ibr  the  Tscoyery  of  coal  ttota  anjr  large  pillar* 
lluU  wen  not  taken  out  when  the  crtuh  clo*ed  the  workings. 

5.  While  the  work  of  leooverlng  the  pillar  ooal  Is  In  ptogreM,  a  aeoond 
group  of  loeaau  may  be  worked,  and  the  procen  contlnaed  until  all  the 
area  to  be  worked  from  that  nogwar  has  been  exhausted.  The  lame 
proeeM  la  employed  In  opening  lower  ufta. 

6.  When  all  the  upper  bed  of  coal  baa  been  eihauMed,  (he  lower  aeani 
may  be  worked  by  tbe  ordlnarf  method.    Workings  In  this  seam  maj'  be 


carried  on  abnulCaneously  with  the  upper  bed,  but  to  avoid  the  powibUltr 
of  a  squeese  destroying  these  workings;  yery  large  pillars  must  be  left. 
After  exhausting  the  upper  seam,  these  pinare  may  be  adyantageonsly 
worked  by  opening  one  or  two  breasts  In  the  renter  of  each,  and  ntien  these 
are  worked  to  the  upper  limit,  attacking  the  thin  rib  on  each  side,  com- 
mencing at  the  top  and  drawing  back. 

When  the  roof  of  the  lower  bed  is  good,  the  cost  of  Umbering  and  keeping 
open  the  gangways  and  airways  will  be  considerably  lees  than  If  theee  were 
driven  in  the  upper  seam,  and  this  difference,  in  Mme  caso,  may  be  luf- 
tlclent  to  pay  for  driving  all  the  rock  chotea. 

There  are  three  nndelermlned  points  in  this  ooonection,  yii.;   (1)  Ths 


r 
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maTimnm  distance  between  the  two  beds,  or  the  length  of  rock  chute  that 
can  be  driven  with  satisfactory  financial  results.  (2)  The  maximuTn  dip  on 
which  such  working  can  be  successftilly  opened.  (3)  The  maximum  thick- 
ness of  the  upper  and  also  of  the  lower  seam,  which  will  yield  results  war- 
ranting  the  additional  outlay  when  rock  chutes  are  of  considerable  length. 

Fig.  80  shows  how  one  or  more  seams  are  worked  by  connecting  them  by 
a  "stone  drift,"  or  "tunnel,"  driven  horizontally  across  t^e  measures, 
through  which  the  coal  fh>m  the  adjacent  seams  is  taken  to  the  haulage- 
way  leading  to  the  landing  at  the  foot  of  the  slope  or  shaft.  Tunnels  are 
sometimes  driven  horizontally  through  the  measures  fh>m  the  surfiace,  so  as 
to  cut  one  or  more  seams  above  water  level. 

The  lower  seam  of  coal  is  worked  from  a  gangway  or  level  2,  connected 
by  a  tunnel,  or  stone  drift  t,  to  the  level  or  sangway  p,  in  the  thick 
seam.  The  stone  drift  may  be  extended  right  and  leit  to  open  seams  above 
and  below  the  thick  seam.  This  tunnel,  or  stone  drift,  is  never  driven  und^r 
a  breast  in  the  upper  seam,  but  directly  under  the  middle  of  the  pillar. 

In  the  upper  and  thicker  seam,  when  the  coal  is  very  hard,  a  breast  b  is 
worked  to  the  limit  and  the  loose  coal  nearly  all  run  out  through  the  chute  « 
into  the  gangway  a.  The  "  monkey  gangway  "  m  is  driven  near  the  top  as  a 
return  airway,  and  is  connected  to  the  upper  end  of  the  chute  «  by  a  level 
heading  n,  and  to  the  main  gangway  ^  by  a  heading  v.  These  headings  are 
driven  for  the  purpose  of  ventilation  and  to  provide  access  to  the  batt^  in 
case  the  chute  8  should  be  closed.  In  the  lower  seam,  the  breast  is  stiU  being 
worked  upwards  in  the  ordinary  way. 

The  J.  L  Williams  method  of  working  anthracite.  Fie.  81,  has  been  applied 
successfully  by  the  originator  at  the  luchards  Mine,  Mt.  Carmel,  Pa.,  and  by 
it  90^  of  the  available  coal  is  said  to  have  been  obtained.  The  method  is  a  pil- 
lar-and-stall  method  vdth  the  following  distinguishing  points:  (a)  Timbenng 
the  gob  with  prox>s  set  not  more  than  6  ft.  apart,  to  keep  up  the  roof  during 
the  extraction  of  the  pillars,  (b)  Making  holes  from  the  crop,  for  the 
delivery  of  timber  into  the  workings,  (c)  Removing  the  pillars  in  shorter 
lifts  than  is  possible  when  the  roof  is  supported  with  culm  pillars.  ( d)  Keep- 
ine  the  gob  open  with  timber  for  dumpng  the  fallen  rock,  thi^t  would  have 
to  DC  sent  to  the  surface  if  the  breasts  were  flushed. 

Both  the  floor  and  the  roof  of  the  mine  were  weak,  so  that  it  was  not 
possible  to  make  either  the  breasts  or  the  pillars  wide.  In  some  cases,  the 
floor  consisted  of  3  ft.  of  clod,  and.  to  prevent  its  liftine  and  sliding,  every 
alternate  prop  was  put  through  the  clod  and  its  foot  set  in  the  slate  beneath, 
while  the  other  props  were  set  on  pieces  of  2"  plank  2  ft.  in  length  to  keep 
down  the  bottom.  A,  small  gangway  X  is  driven  to  take  out  the  chain  pillar, 
and  y  is  a  small  gangway  for  taking  in  timber. 

Running  of  Coal.— In  large  seams,  when  the  coal  is  soft  and  shelly  or  sllp- 

Eery,  and  lies  at  an  angle  of  more  than  50^,  and  generates  large  quantities  of 
redamp,  a  danger  to  be  guarded  against  is  the  sudden  liberation  of  gas 
should  a  breast  run;  that  is,  should  the  coal  at  the  fkce  loosen  and  run  out 
by  its  own  gravity,  only  stopping  when  it  chokes  or  fills  up  the  open  space 
below.  To  meet  these  conaitions,  the  air-course  may  be  driven  above  the 
gangway  and  used  as  a  return,  the  fan  being  attached  as  an  exhaust,  and 
the  working  breasts  ventilated  in  pairs.  The  inside  man  way  of  one  of  a  pair 
of  breasts  &  connected  with  the  gangway  for  the  intake,  and  the  outside 
manway  of  the  other  breast  with  the  return  airway,  saving  each  pair  of 
breasts  a  separate  split  of  the  current.,  In  collieries  where  this  system  of 
working  is  followed,  the  coal  is  soft.  A  new  breast  is  worked  up  a  few  yards, 
but  as  soon  as  it  is  opened  out,  the  coal  runs  f^-eely  and  the  man  ways  are 
pushed  up  on  each  side  as  rapidly  as  possible,  to  keep  up  with  the  face.  Two 
miners,  one  on  either  side,  sometimes  finish  a  breast  without  being  able  to 
cross  to  each  other.  The  work  Is  done  exclusively  with  safety  lamps,  and 
when  a  breast  "runs"  the  gas  is  liberated  in  such  quantities  that  it 
frequently  fills  breasts  fh)m  the  top  to  the  airway  before  the  men  can  get 
down  the  manway  on  the  return  side.  When  the  gas  reaches  the  cross-hole, 
it  passes  into  the  return  airway  without  reaching  any  part  where  men  are 
working.  Should  a  run  of  coal  block  a  breast  by  closing  the  manway,  it 
afl^ectsthe  current  of  one  pair  of  breasts  alone.  As  the  gangway  is  the 
intake,  leakage  at  the  batteries  passes  into  the  breasts,  as  the  cross-holes  are 
above  their  level  and  the  gas  is  thus  kept  above  the  starter  when  at  the 
draw-hole.  The  gangway,  chutes,  and  airway  are  supplied  by  wooden 
pipes,  which  connect  with  a  door  behind  the  inside  chute.  If  a  breast  runs 
up  to  the  surface,  it  does  not  affect  the  return  airway,  as  it  ii  In  the  solid. 
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Among  tile  diaadTUitages  urged  against  fhis  system  of  working  are  the 
following: 

It  increases  the  flriction,  as  the  air  mnst  pass  in  the  airway  all  the  distance 
from  the  breast  to  the  fttn,  the  area  of  the  airway  being  small  in  comparison 
to  tiie  gangway  or  intake. 

As  the  utces  of  the  breasts  are  so  much  higher  than  the  return  airway, 
the  lighter  gas  must  be  forced  down  into  the  return  against  the  buoyant 
power  of  its  smaller  specific  gravity. 

The  reduction  of  friction  obtained  by  splitting  is  neutralized  by  each  split 
running  up  one  small  manway  and  down  another:  the  advantage  of  running 
throum  several  pillar  headings  and  thus  securing  a  shorter  course  being 
lost.  This  pan  be  partly  obviated  by  ventilating  the  breasts  in  groups,  but 
the  daxigers  avoided  in  splittinflr  are  increased. 

Blackdamp,  which  accumulates  in  the  empty  or  partlv  empty  breasts, 
works  its  way  down  and  mixes  with  the  intake  current,  as  there  is  no  return 
current  in  the  breast  steong  enough  to  carry  it  away,  the  return  being  closed 
in  the  airway. 

All  things  considered,  when  the  seam  is  soft  and  has  a  pitch  of  40^  and 
upwards,  and  emits  larve  quantities  of  gas  in  sudden  outbursts,  as  in  running 
breasts,  this  ^stem  is  the  best  that  can  be  adopted. 

Whtn  tht  Coal  It  Htrd  and  Gaa  la  Not  Freely  Evolved.— The  reverse  of  the 
system  lust  described  is  followed  at  some  collieries  where  the  coal  is  hard 
and  but  little  gas  is  encountered.  The  airway  is  driven  over  the  gangway 
or  against  the  top,  the  ftin  being  used  to  force  the  air  inward  to  the  end  of 
the  airway.  The  air  is  distributed  as  it  returns,  being  held  up  at  intervals 
by  distributing  doors  placed  along  the  crangway. 

Among  the  advantages  claimed  for  this  plan  are  the  following: 

As  the  pressure  is  outward,  it  forces  smoke  and  gas  out  at  any  openings 
that  may  exist  from  crop-hole  mils  or  other  causes. 

The  warm  air  fit>m  the  interior  of  the  mine  returning  up  the  hoisting 
slope  or  shaft  prevents  it  from  freezing. 

As  the  current  is  carried  from  the  mn  to  the  end  of  each  lift  without  pass- 
ing through  working  places,  the  opening  of  doors  as  cars  are  passing,  etc. 
does  not  interfere  with  the  current. 

If  a  locomotive  is  used,  the  smoke  and  gases  generated  by  it  are  carried 
away  from  the  men  toward  the  bottom.  Locomotives  are  generally  used 
only  horn  the  main  turnout  to  the  bottom. 

An  bbjection  to  this  sjrstem  is  that  the  gangway,  as  the  return,  is  apt  to  be 
smoky.  Bturters  and  loaders  are  forced  to  work  in  more  or  less  smoke,  and 
even  the  mules  work  to  disadvantage,  while  if  gas  is  given  off,  it  is  passed 
out  over  the  lights  of  those  working  in  the  gangway. 

However,  in  places  where  there  is  but  little  eas,  and  airways  of  large  area 
can  be  driven,  this  plan  works  very  latis&ctorily,  and  some  of  the  b^t  ven- 
tilated collieries  are  worked  upon  it 

An  objection  advanced  by  some  against  forcing  fans  is  that  they  increase 
the  pressure,  thus  damming  the  gas  back  in  the  strata.  In  case  the  speed  of 
the  mn  is  slacked  off,  the  accumulated  gas  may  respond  to  the  lessened  pres- 
sure and  spring  out  in  large  volumes  from  its  pent-up  state.  This  argument, 
however,  worn  both  ways.  An  exhaust  fan  running  at  a  given  speed  is 
takiiig  off  pressure,  and  if  anything  occurs  to  block  the  intake,  the  pressure 
is  diminished,  and  the  gas  responds  to  the  decrease  on  the  same  principle. 

Hinta  for  the  Smaller  Stains  When  They  Art  Small  and  Lie  From  Horizontal  te 
Abost  lO^.^Two  gangways  may  be  driven,  the  lower  or  main  gangway  being 
the  Intake.  Branch  gangways  should  then  be  driven  diagonally  or  at  a  slant, 
with  a  panel  or  group  of  working  places  on  each  slant  gangwav.  Large 
headings  should  connect  the  panels.  In  this  system,  the  air  is  carried 
directly  to  the  face  of  the  gangway  and  up  into  the  breasts,  returning  back 
through  the  working  places.  The  Intake  and  return  are  separated  by  a  solid 
pillar,  the  only  openings  being  the  slant  gangways  on  which  are  the  panels. 

The  advantages  of  this  plan  are  several: 

The  main -gangway  is  solid,  with  the  exception  of  the  small  cross-holes 
connecting  with  the  gangway  above;  these  fUmlsh  air  to  the  gangway  and 
are  small  and  easily  kept  tight.  These  stoppings  should  be  built  of  brick, 
and  made  strong  enougti  to  withstand  concussion. 

A  frill  trip  of  wagons  can  be  loaded  and  toupled  in  each  panel  or  section 
without  Interfering  with,  or  detaining  the  traflac  on.  the  main  road;  one  trip 
can  be  loaded  while  another  is  run  out  to  the  main  gangway  for  transpor- 
tation to  the  bottom. 


^ 
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The  oblv  break  in  the  intake  current  is  when  a  trip  of  ears  ia  takan  oot 
from,  or  returns  to,  a  panel  or  section;  this  can  be  parnally  provided  agaimt 
by  double  doors,  set  far  enough  apart  to  permit  one  to  close  after  the  trip 
before  the  other  is  opened.  This  distance  can  be  secured  by  opening  the 
iirst  three  breasts  on  a  back  switch  above  the  road  through  the  gangway 
pillar,  or  by  running  each  branch  over  the  other  far  enough  to  obtain  the 
distance  for  the  double  doors. 

If  it  is  not  desired  to  carry  the  whole  volume  of  air  to  the  end  of  the  air- 
way, a  split  can  be  made  at  each  branch  road.  These  will  act  as  unequal 
splits  in  reducing  firiction,  and,  although  not  theoretically  correct,  are  prefer- 
able to  dragging  the  whole  current  the  fUll  length  of  the  workings. 

The  objections  urged  to  this  plan  are  that  it  involves  too  much  expense 
in  the  large  amount  of  narrow  work  at  high  prices  necessary  to  open  out  a 
colliery,  that  it  necessitates  a  double  track  the  whole  length  of  the  lift,  and 
that  tile  grade  ascends  into  each  panel  or  section.  But  the  latter  orlnciam 
fJEtUs,  because  the  loss  of  power  hauling  the  empty  wasons  up  a  slight  grade 
is  more  than  made  up  by  the  loaded  wagons  running  down  while  the  mules 
are  away  putting  a  trip  into  another  panel  or  section. 

For  a  large  colliery  this  is  without  doubt  the  best  and  cheapest  system. 

When  tht  Stam  Is  Smsil  snd  List  st  sn  Angit  of  Mors  Thsn  lO^.-rln  small  seama 
lying  at  an  angle  of  more  than  KP,  and  too  small  to  permit  an  airway  over 
the  chutes,  it  is  more  difficult  to  maintain  ventilation.  If  air  holes  are  put 
through  every  few  breasts,  and  a  fresh  start  obtained  by  closing  the  back 
holes,  or  if  an  opening  can  be  gotten  through  to  the  last  lift  as  often  aa 
the  current  becomes  weak,  an  adequate  amount  of  air  can  be  maintained, 
because  the  lift  worked  can  be  used  as  the  intake,  and  the  abandoned  lift 
above  as  the  return.  To  ventilate  fresh  ground,  the  flllii^  of  the  chutes 
with  coal  will  have  to  be  depended  on,  or  a  brattice  must  Be  carried  along 
the  gangway.  This  can  be  done  for  a  limited  distance  only,  as  a  brattice 
leaks  too  much  air.  As  a  rule,  collieries  worked  on  this  plan  are  run  along 
until  the  smoke  accumulates  and  the  ventilation  becomes  poor;  then  a  new 
hole  is  run  through  and  the  brattice  removed  and  used  as  before  fbr  the 
next  section.  This  operation  is  repeated  until  the  lift  is  worked  out.  Some- 
times, to  make  the  chutes  tight,  canvas  covers  are  put  on  the  draw  holes, 
but  as  they  are  usually  left  to  the  loaders  to  adiust,  they  are  often  very 
imperfectly  applied.  Then,  as  the  coal  is  f^quently  very  large,  the  air  will 
leak  through  the  batteries. 

This  plan  works  very  satisfiEtctorily  if  the  openings  are  made  at  short 
intervals,  say  as  frequent  as  every  fifth  breast,  but  the  distance  is  usually 
much  greater  to  save  expense.  As  the  power  of  the  current  decreases  as  the 
distance  between  the  air  holes  is  increased,  good  ventilation  is  entirely  a 
question  of  how  often  a  cut-off  is  obtained. 

An  effective  ventilation  could  be  maintained  in  a  small  seam  at  a  heavy 
angle  by  working  with  short  lifts,  say  two  lifts  of  50  yd.  instead  of  one  «n 
100  yd.,  as  at  present.  The  gangways  should  be  ftequently  connected,  and 
one  used  as  an  intake  and  the  other  as  a  return.  This  would  necessitate 
driving  two  jrangways  where  one  is  now  made  to  do,  but  the  additional 
expense  would  be  made  up  in  the  greater  proportion  of  coal  won. 


PLUSHtNQ  OP  OULM. 

From  15^  to  20^  of  the  coal  taken  out  of  an  anthracite  mine,  according 
to  the  methods  used  in  the  past,  became  so  fine  in  the  course  of  preparation 
through  tile  breaker  that  it  could  not  be  used  or  sold,  and  had  to  be  piled 
away  as  refuse.  Recently,  the  coarser  portions  of  these  culm  piles  nave 
been  screened  out  and  sold  for  use  as  steam  sizes,  while  the  finer  part, 
together  with  the  fine  material  ftom  the  breaker,  has  been  carried  back  into 
the  mines  with  water  to  fill  the  abandoned  portions  of  the  underground 
workings. 

This  culm  is  carried  through  a  system  of  conveyors  to  the  hopper,  usually 
an  old  oil  barrel,  and  the  stream  of  water  is  conducted  into  the  same  hopper 
by  a  3''  pipe.  The  culm  is  then  carried  by  the  water  through  a  pipe  from 
4  to  6  in.  in  diameter,  which  passes  into  the  mine  through  the  shaft,  bore 
hole,  or  other  opening,  thence  along  the  gangways  to  the  chambers  through 
the  cross-cuts,  and  to  the  point  where  it  is  desired  to  deposit  the  culm.  Tne 
bottoms  or  outlets  of  the  chambers  to  be  filled  are  closed  by  board  partitions 
fitted  closely,  or  by  walls  of  slate  or  mine  rubblBh.    The  culm,  as  it  issues 
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from  Oe  and  of  tbapto^  takwftTerraatilope.uidltlaeaiTladiloncdlB- 
taace  b;  the  mlat,  wmch  oltliiutelr  Blteti  tnriiiigh  Uie  depodud  cuuu  to 
Uw  lower  poition  of  Iha  mine,  to  be  pumped  lo  tbe  nirtMe.  When  the 
chamber  i>  flUed  to  the  root,  the  wipe  la  wltbdntvnt  and  extended  to  the 
tMit  place  to  be  dUed,  and  n  on.  Wrought-lion  five  li  nld  lo  be  the  beet, 
and  the  Ufeotthe jdpe  depends  on  the  nature  of  the  watar  uMd  and  the 
mateilal  traated.  with  freih  water  and  amall  culm  Itom  the  buckwheat 
•creen,  It  laila  IS  monUw  when  auTyliig'  oulm  from  the  bank,  ranglDg  from 
dnit  10  pea  coal  and  lome  cheatnut,  »  montba;  and  when  mixed  irith  aataea. 
e  months.   The  imallsr  the  material  tBe  better. 

The  •mount  of  wat«T  uaed  dependi  on  the  distance  (o  whleh  the  culm  !■ 
eanled  and  tbe  dope  irf  (he  pipe. 

From  11  to  1)  lb.  of  water  la  required  to  flush  1  lb.  of  culm  to  level  and 
~  "11  pl>«ee;  3  to  <  lb.  of  water  to  1  lb,  of  culm  to  flush  up-hill  forhelghu 


varying  ftom  10  to  100  ft.  above  the  level  of  the  ahaft  bottom.  Any  ele- 
vation of  tbe  pipe  very  materially  lucreasee  the  amount  of  water  necenaiy. 
Mr.  James  B.  Dsvls,  gnperlotendent  of  the  Dodson  and  Black  Diamond 


left  will  also  be  crushed.  At  the  Black  Dia- 
mond collie^,  the  props  used  are  16  ft.  long, 
and  at  this  coUlen'  (he  top  settles  about  ' 
packed  tlgbtl;  before  the  roof  preseure  o 


Token  atump  of  thi 
ip  lo  the  working  fa 


id  they  terre  lo  keep  the  road  open 
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itmitia  mikbral  dsposits. 


METHODS   OF  MINING    MINERAL  DEPOSITS. 

UDCh  of  wbat  has  Blread}'  be«u  eiien  under  the  heading  of  Coal  Hlalng 

jppllea  aquallr  to  the  mining  of  mineral  depodls.    It  will  tberaTore  not  be 

nftUed  under  Uila  bewUng.  and  tbe  only  matbodi  here  given  trill  be  Chose 

"■■it  have  not  alreadr  been  oovered. 

'  \j  IncUned  deiioslta  are  mined  out  ai  iolloiri:   BorlioDtal  panagei 

tLlnclt,  or  goitn-tea  are  driven  Ihrou^  the  ore  at  KKUlor  InlerviJa, 

''M  bf  openliui  at  right  angle*  to  the  levels,  which,  In  the  cue 

olar  <»  highly  Inclined  depodti,  are  called  tr' — -  — -' — 


appllea  equally  to  the  mlnli 
repealed  under  %!•'•  ' — ■"' 

of  perpendkOlar  <X  highly  luuuusu  uaimia,  ani  swim  miuo  VI  nttma, 

Beemdng«*lh«]rar«iunkfi«m  above  or  raiMdltombelotr.  These  parallel 
openings  divide  the  ore  body  Into  a  series  of  rectangles,  thus  serving  to  test 
its  value.    (See  also  Overhand-Stoidnglfetliod.pue  304.) 

Issils.— 4lie  diitanoe  between  tlie  individual  levea  depends  on  the 
material  being  mined.  Thcr  are  |daced  neaiw  loiether  In  high-grade  on 
UiaD  Id  kiW'cntds  material.  Tbe  width  of  the  vdn  also  baa  oonsiderable 
influenoe  on  the  distance  between  tbe  levels.  In  veins  where  Hit  iwrMssfT 
to  break  Into  walls  to  aUbrd  working  room  in  the  levela,  they  are  nsoally 
placed  as  br  apart  ss  Is  oonalslent  with  the  eoon<HDloal  handling  of  the 
material  In  cbates  and  convenient  accen  to  the  WMkIng  &c«a  of  tbe  stopea. 
The  dlatanoe  between  the  levels  varies  from  60  to  100  fL,  and  ^KHiId  be 
measnied  on  the  dip  and  not  perpendloolariy. 

Wlsua  sr  Rilsis.— The  distance  between  t&er^ 
10  to  2S0  It,  depending  largely  on  tbe  obaiaclei  ol 


method  of  getting  it  Into  the  chutes  or  wlniea.    Where  (he  material  at  the 
IkCGS  IB  shoveled  or  thrown  directly  Into  the  chutes,  they  ore  often 

'"  ""        ^  -  iiateriBl  Is  carried  from  the  woTklns 

■        ■  -emacl 


^sced  as  close  as 
bee  to  tbe  chute 


30  ft.,  while  if  the  m 


Ly  ben 

inl  i^les  of  Etot^ng  in 
land  lOiping.     '^' 


dlvidoos  under  each. 

..p..^— Jtsplnt  may  be  conveniently  divided  into  umderttand  r^ffu 

and  imderAand  Otntith. 

The  regular  method  of  nndeihond  Btoplng  Is  I11u>tnt«d  in  (a),  Fig.  SS,  r 
may  be  described  as  follows:    The  miner  selects  a  place  In  any  given  1( 
nr  nn  tha  surfoce  of  the  ore  deposit  from  which  to  oonunf 
ft.  In  depth  and  from  6  to  S  It.  in  length  Is  made. 


any  given  level 
ince  stOFtng.    A 

.    This  lbn>"  tiia 

the  work  li 


first,  or  No.  1,  bench  In  the  atope.  After  this,  he  < 
direction.  BUpporilng  the  track,  Itany  exists  above,  npoi 
After  this  No,  1  bench  has  proceeded  a  lufllclent  distance,  oe  starts  a  ainuiar 
cut  in  Che  boClom  o(  it.  which  forms  No.  3  bench,  and  Is  driven  la 
tiotb  directions  as  before.  At  flrst  Che  ore  can  be  shoveled  to  the  level 
above,  but  after  conaidenble  depth  has  been  attained,  it  will  be  n' 
(o  provide  a  winze,  as  abown  at  /,  throujdi  which  the  ore  frn»  tti 
benches  can  be  hoisted.   Bcnila  oovered  with  lags' —  '~*  -■" 

Mope  behind  each  bench  as  plattorms.  to  supportUL. 

hand  itoplng  by  the  Comlah  system  is  Illustrated  in  (b).  Fig.  St,  and  dillfets 
from  tbe  syMem  Just  described  only  in  that  the  level  bdow  has  to  be  driven 
flrst,  and  a  winse  sunk  to  It.  a  Is  lbs  lower  level,  b  the  winsa.  and  e  As 
np(«r  level.  The  work  is  then  canied  on  tn  succertve  benches,  as  dssotlbad. 
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It  anjr  wat«T  Ihkt  collecta 

, mve  to  be  taken  care  of  In 

each  Indlyidual  Btope.  Alio,  theoreoin  be  tumbled  down  tbrougb  theraise 
to  tbe  lower  level,  thus  avoiding  the  eitn  hoisting  with  k  windlftas, 
or  small  holM. 

The  advatUaga  that  apptr  to  any  srMem  of  underhand  itoping  an  a* 
A)lki«K  The  ore  can  be  eilraicted  at  once:  while  the  Mope  !■  new.  the  miner 
la  pTQtected  f^m  tbe  roof  by  Mulls  and  stB(rlngs;  the  lonoffine  and  valuable 
mineral  Is  reduced,  owing  lo  the  opportuoil;  for  aoiting  aiObiited  during  the 
bandllng  of  the  broken  ore. 

The  ditadmntaaa  ate  U  follows:  The  manner  In  wbiph  the  ore  must  be 
handled  ii expensive;  anludlvldual pumping  plant  will beaecesmiylneach 
Mope  of  a  wet  mine  with  the  regular  arsum:  should  the  mine  be  abandoned 
for  any  length  of  time,  the  nnUa  become  loose  and  allow  the  rock  stowed 
upon  them  lo  Gtll  on  the  boe  of  (be  ore.  rendering  tbe  mine  unsafe,  and 
burying  the  ore  ■>  ai  to  require  a  large  eipendltureof  time  and  money  lo 
leopenthe  workings;  In  a  wctstope.  the  water  flows  down  over  [he  working 
foccK  Interiaring  with  th*  workmen  and  forcing  them  to  stand  contlnn^^ 

Owrksnd  ttapliif.— In  this  system  of  stoptne.  the  ore  is  broken  down  tram 
above  *s  the  work  piDKreases.  Work  is  usually  started  (Torn  tbe  bottom  of  a 
raise,  as  B,  Fig.  34!    Xftei  the  lower  level  A  has  been  driven,  the  miner 

ipofthelagglnBOvertliecapaand  w    '         .       -       -- 

>elog  followed  by  succeeding  sllcet 

cribbed  at  Infervala,  through  which  i 

down  and  any  waste  packed  in  the  space  between  the  chutes,  aa  at  P.  In 
oaaea  where  tbe  entire  deposit  is  of  value,  a  portion  of  tbe  broken  ore  It 
aUowed  to  accimiulate  as  a  platform  upon  which  the  men  stand  while 


working,  only  enongfa  bdiig  sent  throngh  tbe  chutes  to  provide  working 

room.    After  overhand  sto|Ung  is  started,  the  work  may  be '-''  —  "■" 

means  of  breast  holes,  a*  Shown  at  £.   The  lOtce  oT  gravity  as 


One  argnineiit  wbl^  Is  unially  preaeated  against  overhand  stoning  is  that 
the  rooTls  not  Nsnred  by  timbering,  but  this  is  oOhet  by  the  &ct  that  the 
workmen  are  always  dosa  Eo  the  roof  and  thus  examine  its  condition  and 
tKeak  off  any  dangcxous  portions  or  give  them  such  support  as  may  be 
needed  with  temporary  timbers. 

Overhand  itoping  may  be  carried  on  in  a  number  ofmodified  forms,  all  of 
iriiich  Involve  the  minciide  of  breaking  down  the  material  In  such  a  manner 
that  Ibe  work  Is  dded  by  gravitation.  Sometlmea  where  pr>u'tii'iiiii>  tho 
entire  depoaitla  removed,  tranporary  platfonns  supported  on  st 
stnicled  close  to  the  working  face  fbrtbe  workmen. 


oQta 


tbeininai 


with  underhand  stoping  w. 
and  Uie  ttmbertng  in  working  staging 


_ —  a  wlnte;  ... — ,.  n-..^^.,  _.^_„.^  —  — _  — ......  — „  ^  - 

than  In  tbe  underhand  sloidng.  because  do  piatrbrms.  are  required 


y  led  In  better 
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poited  toot,  though  c 
uid  take  a«i«  of  aoj 


rband  tban  wltb  DodeTlumd  stoplng.  In  Oit  oierband  lyilaii^ 
n  the  hreaklnx  of  tbe  ore. 

ue  thiit  the  miner  li  Ibrced  to  work  under  tm  nnaap- 
flict  thai  he  In  done  to  It  enable*  Mm  to  examine  It 


The  dftodiianfaiKi  are 

"  Ihough  [he  f .. 

"     ly  daneerom  portlom.    There  mar  be  mftter  loo  of  the 

m  stUI  valuable  mat«dat  that  becomen  mixed  With  the  wute  than  In 


Fit!  •>  SiVillj  liHllaed  Dtpadt). -Where  Qi 
■re  bdng  worked,  ■"— "■'--  ^-"•-  ■  — 


ma;  be  targelir  prevented  by  the  n 
liirhtl}'  Inclined  oi 


le  material  between  Uiem  removed  In 


overhand  MopinK.  the  ipace  behind  the  mlnet  bdDE  pitued  with  waale  mall 
rial  to  sappon  the  looT,  or  the  loof  befnr  nppoited  Dy  tlmbeilng  antU  the  OI 
la  removed.    Bometimei  plllanof  orsliaTeto  be  Iraltoald  in  the  aoppoi 


la  U  the  caM>  Uie  mlnen  try  to  leave  the  p 


liuonghout,  and  the  toot  at  a 

down  without  ma(!b,  If  any,  stowing,  ■ 


Tooma,  the  pllla 
re  leaving  the  wc 


_._    _„, . loDgwall  EyHem  of  coal 

_.^  thematerialUremovedllkeiqiiareworkorby  pUlari 
Ian  In  either  case  belDs  lobbea  ai  clonly  as  poalble 


Fk>.  3G. 


Sqit'<  mrk,  alio  Called  thg  thorn- 
ier^nd-piUar  ivtbrn,  il  lUtutrated  In 
Fig,  35,  Gallenes  are  driven  tbroiuA 
the  ore  ai  shown,  tbe  deeper  gaUerUB 
l>eliig  amallei  than  the  upper  onea, 
the  object  beliiK  to  leave  laiger  plllan 
fbr  the  aupport  of  the  material  above 
the  workinn.  Oalleilei  are  then 
driven  at  right  angle*  to  theK  to  leave 
■quare  pUlara,  aa  ahown.  whe  " 
■vatem  fa  applied  to  a  bed  that  li 


.  the  ■Dceeedlii*  levda  aa  ibown 
ID  1,(1),  Fig.  SS.  Karcely  oa»4ialf  of  the 
depodt  can  be  moovid,  im  when  It 
la  of  MDh  a  firm  nature  that  the  gal- 
leriea  can  be  driven  ooiiMdeiBblT 
wider  than  the  thlekneas  of  the  pll- 
lan. Thlaiyitam  of  mining  liap|>lled 
to  the  removal  of  Mlt.  npanm.  nilld- 
ins  atone,  and  varloni  iovr-crade  orci, 
and  le  very  dmllar  to  the  iDDm^nd- 
plllar  Byatem  (lee  pan  3K>). 
1  DO  timbering,  and  that,  owing  to  the 


unmrg  thick  dspobits.  819 

„ t,  the  matariil  can  ba  mnoTad  at  alowocwtpar 

Ion.  ne  lUtadvantaga  are  that  a  larm  portion  of  the  depodt  hu  to  be  left 
(mtouched,  and  that  where  the  formaOoD  belog  mined  la  at  all  loR,  It  ii  not 
«fe  to  work  tbeae  Urge  chamben. 


kail.— aometlmu^amilng  ol 


tor  the  workL —     , 

□nmbw  or  different  plans. 

ftto _, „ _., — 

depodt.  and  thea  tightly  pecked  with  broken  ronk,  after  which  other  drlrta 

1. 1 j-R.^l,gg[^j(i..ii_. J.I ...J  —  «ii.j         irn... 

itll  a  el 

-    llliwtl 

method  hofl  been  UKd  m  the  copper  mines  of  Spain,  and  hiu  also  been 


Sllalat  MHhed.— -In  some  casea,  com  para  tivelr  small  drifts  or  cbamben 
(fhim  6  It.  X  B  ft.  to  10  ft.  X  10  ft. )  are  driven  through  the  ore 

I  alio  HCked  o 

If  the  Glllns,  t 
ber  slice  has  ) 
1  of  Spain,  and 

tried  at  mat  mines  In  the  tJnlled  States  with  Ttijing  dexreee  of  succeM^ 


aoHghtlypi       _ 

)T  chambera  are  drfren  beside  the  Onlonesand  also  packed  or  filled.     Thli 

««  Is  continued  ontll  a  slice  has  been  reraored  fmu  under  the  entire 

_ . ,  wit.    The  proceiH  ti  then  repealed  on  top  of  the  filling,  taking  ont  suc- 

ceeelTe  chambers  and  filling:  them,  unci]  another  slice  has  been  removed. 


Flo,  36.  Flo.  S7. 

depending  prlnclpallr  on  the  cost  of  the  Mowing  material  compared  with 
the  value  per  ton  of  the  deposit  belne  removed.  In  this  proceia.  the  flllhu 
material  should  be  composed  enlirelT  of  large  pieces,  so  that  It  can  ba 
packed  closely. 

rraasTtrsi  F)ooatn|  With  FIMInf.—In  other  cases,  a  filling  system  is  need 
In  which  rooms  or  chamben  are  driven  across  the  deposit  and  then  con- 
tinued  upwards  by  overhand  sloping,  the  ore  being  thrown  to  s  lower  level 
through  a  chute  cribbed  up  as  the  work  progresses,  and  the  excavated 
space  nlled  up  with  tiroken  lock  brought  down  through  a  chute  from  above, 
as  shown  in  Tig.  36.  After  the  rooms  are  worked  out  between  two  levels, 
the  pillars  are  removed  In  the  some  manner. 
^i4its^dlasJ_Bisk^SjsphiiWltliminj.— Intbls^oise.thedeHwlt'  '    ' 


a  aeries  of  overhand  slopes.  Fig.  ST,  the  space  below  the  workmen  being  filled 
with  broken  rock  a  broughldown  through  raises  b  from  above,  the  ore  being 
thrown  to  a  level  c.  which  h«s  been  Umbered  through  the  filUi^g  material  on 
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the  IlTBt  ta  lovGT  floor  of  the  atope.    Thii  melliod  has  been  veT7  auooeMOilly 
■ppli«d  to  Bome  of  the  Uige  Iron  mlnea  of  ttie  Lake  Supeiior  regioa  of  tlra    . 

The  UlUnK  miLterlal  lued  Id  any  oiie  of  the  Tatioua  Blllng  methoda  may  be 
obtained  at  xbe  suiface,  may  be  inrtlally  or  whoDy  oblained  tcom  the  waste 
lock  anocUted  with  the  rein  maleiial  and  from  dtifts  or  jiassageB  thAt  have 
to  ba  driven  In  barren  grotmd,  or  it  may !»  obtained  by  drivfiig  drUta  Into 
the  hanging  vail,  and  opening  chamben  there,  &om  which  Uke  waste  may 
beobtelned:    (SeealHO  FlughlnsofCtilm,  paoeSli.) 

Cavlu  MatliMi.— The  longvaU  method  of^mlnlnK  i^oal  li  really  a  carliu' 
ayslem,  bat  where  thli  Byabem  Is  applied  to  the  mUilng  ot  large  maaaea,  ft 
becomea  neceaary  to  Introduce  aome  special  featurea.  There  are  two 
gaoeral  srslenu  In  uae,  eiw<(v  o  boct  q^otv  and  eotifnff  Ue  M  •"' 1^11^  on^V' 

Ciiisf  a  Isak  sf  Or*.— In  thla  system,  dtlfta  or  levels  are  run  through  the 
ore  a  few  Iset  below  the  topof  the  denndt,  as  thou^  the  material  above  were 
to  be  removed  byovohand  stopInK,  put  itt  place  of  breaking  the  mat«riBl 
down,  It  is  allowed  to  «ave  by  gra^ty.  When  a  back  of  ore  Is  thick  (20  ft. 
or  more),  the  entire  stope  la  somattmea  allowed  to  cave  full  and  then  the 
'  broken  ore  removed  t^  driving  heavily  timbered  drifts  through  to  the 
farther  side  and  drawing  the  cniabed  material  into  the  ftce  of  the  drift. 


Pio.  88.  "  "t^i' diiaavantaga  are  that 

the  ore   Is  Uable  to  beoome 

mixed  with  more  or  leasdlrt,  which  caves  down  with  it;  only  one  level  of  the 

mine  can  be  operated  at  a  time,  and  the  aurface  of  the  ground  Is  allowed  to 

cave  IntA  the  openings,  thus  rendering  it  undt  (Orordinary  aurbce  uiea. 

Cstlni  tha  Wsst*  OBJy.— In  this  system.  Fig.  38,  drifta  A  kA  galleries  B 
aie  driven  through  the  top  of  the  ore  body  Inmiedlatelv  undw  the  waate 
rock,  Alter  one  of  these  drifts  or  galleries  Is  comjdeted,  the  floor  la  covered 
with  a  lagging  of  plank  or  poles,  and  the  waste  material  allowed  la  cave  on 
to  this  plalfbrm.  Subsequently,  other  drifts  ate  driven  beside  the  flrst  one. 
the  floor  covered  with  lagging,  and  the  waste  allowed  to  cave.  Rua  ptoota 
li  continued  until  a  dice  has  been  removed  over  the  entire  snrfhce  of  the 
ore  deposit,  when  more  drifts  are  driven  lower  down  and  another  slice 
removed.  After  the  first  slice  has  been  removed,  the  broken  or  waste  mate- 
rial Is  supported  on  the  lagging  laid  on  the  floorsof  the  first  drifts,  and  hence 
the  miners  have  only  to  aapport  this  lagging  In  order  to  support  the  waste. 
The  caving  of  any  individual  drift  crashes  the  ore  on  either  aide  to  a  oon- 
4deiii&le  extent,  thos  materially  redaclng  ths  bhuting  expense. 
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The  odnnJofKi  of  (lil>  aystem  are  that  Che  entire  depodt  la  renrrered: 


SQUAnE-3rr  SVSTKM, 
PreqneDtlri  large  nuusea  of  material  are  encoiiDtered,  which  It  ti  necn- 
Bftry  to  renuXB.  and  at  Che  lame  time  support  the  sumiundlne  DHLterlsl. 
Attliiiea,Ul>  not  desirable  to  fill  the 
■tope  while  the  ore  la  being  removed, 
ana,  at  the  »ame  time,  It  ia  impossible 
to  support  the  walla  b;  single  sticks 
u.ii.      ™..    ,mg  these  dim-    I 


uy  meauB  oi  a  i 
s,  (Tom  6  to  t  fC  I 
square,  wmcu  are  placed  in  position  | 
as  liuC  as  the  ore  Is  removed.  The  use  i 
of  these  tnsnem  reduce*  the  lenrth  of 
the  Individual  sticks,  and  so  i^oauces 
-   * —  -^——le.    The  tlmbei*  may    I 


sUls  nlll  be  neceMar;  under  the  posts,    i 

Tlia  mlninBla  carried  on  bj  overhand- 

scoping  ayMem,  removlne  one  block  at    | 

a  t&ne  and  r»>laclng  It  inch  the  sgusre 

set.     FtB.  8v  represents  a  stope.  the  Fio.  3B. 

walls  and  loofof  which  are  supported 

by  sgoare  sets  that  are  Isned  tMm  the  outside.    In  this  case,  the  square 

sets  are  made  from  round  Umber. 


iRKOuukii  DKPOSira. 


il  frequently  occur  that 
re  recovered  by  simply 
amoving  it  with  the  use 
poMlUe.  Owing  to  Che 
ines.  the  work  has  been 
rels  are  driven  ac  staled 
il  from  them.  Many  of 
es  of  Mexico  and  Boulh 
worked  by  this  system, 
isibis  wlUiont  the  use  of 


d  the  mining 

ialIEIt.XI>ft.to«fl-X 
jelng  $4  per  foot  tor  soft 
b.,  the  contractor  doing 
soft  ground,  the  ebatt  is 
"  Umbers  laid  flatwise. 
11)  Very  hard  mines 
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urowing  aown  a  large  amount  or  ore.  xne  anus  are  camea 
ft.  in  the  d^ar.  and  are  cut  ahead  fh>m  6  to  10  ft.  before  patting 
8  of  timber  and  laggings  to  hold  the  roof.  (4)  Mines  that  are  very 
¥here  a  drift  cannot  be  carried  over  8  ft.  X 10  ft.  in  size,  where  the 


a  spud,  throwing  down  a  large  amount  of  ore.  The  drifts  are  carried 
10ft.X12'^  .  -TP      .  .  ...  ..^  .    . 

inthesetsi 

soft  and  where  a  drift  cannol 

getting  of  the  ore  is  all  performed  bv  pick  and  shovel,  and  where  it  is  neces- 
sary to  timber  close  and  drive  spiling  overhead  as  well  as  along  the  sides 
and  to  resort  to  mud -sills  in  the  noor  of  the  drift. 

When  the  shaft  reaches  the  ore  and  the  drift  is  extended  for  some  dis* 
tance  to  prove  the  ore  bodv,  underhand  stoplnK  is  used  and  ly  holes 
are  drilled  by  hand  in  the  bottom.  A  charge  of  60  lb.  of  40)(  dynamite  lifts  a 
stope  10  ft.  X 10  ft.  The  cost  of  75  tons  of  ore,  hoisting  it  and  dumping  it  on 
the  mill  platform  during  a  shift  of  9  hours  in  the  two  classes  of  hard  mines 
mentioned,  is,  according  to  Mr.  £.  Hedburg,  as  follows: 

1  ground  boss « %  2JiO 

2  miners  at  12.00 ~ 4.00 

2  miners  at  fl.75 8.60 

2  shovelers  at  fl.75 8.60 

1  holster 1.75 

1  engineer,  who  also  sharpens  piclpi  and  drills 2.25 

1  engineer  ....■ - 1.50 

Dynamito 6.00 

Fuel ~ 2.50 

Oil  and  supplies 2.50 

Superintendent  8.50 

Or  44.5  cents  per  ton  of  rough  ore;  this  includes  pumping  the  mine. 

In  very  soft  ground,  a  drift  8  ft.  to  10  ft.  high  u  driven,  a  spiling  put  in 
the  top  and  sides.  When  one  level  is  worked  out,  the  whole  drift  is  then 
caved  itom.  the  surface  and  allowed  to  settle  down  on  the  floor  of  timbers. 
The  cost  of  mining  in  soft  ground  is  about  the  same  as  in  hard  ore,  as  the 
saving  of  labor  and  dynamue  is  expended  in  timber  and  time.  A  typical 
primitive  mining  plant  in  this  region,  which  has  a  shaft  150  ft.  deep,  with 
pump,  hoisting  enMnes,  and  boilers,  and  including  hand  Jigs,  screens,  and 
tools,  costs  ftom  12,000  to  88,000;  more  modem  plants  are  however  now 
being  erected,  costing  88,000  to  810,000. 


SPECIAL  METHODS. 

Froztn  Groand.—When  the  material  of  placer  deposits  is  frozen,  as  in 
Alaska  and  Siberia,  it  is  mined  by  building  a  fire  on  the  surfkoe,  which 
thaws  the  earth  to  a  depth  of  from  1  ft.  to  14  in.  The  embers  are  then 
scraped  away  and  the  thawed  material  removed.  By  repeating  this 
operation,  a  shaft  can  be  sunk,  and  then,  by  building  a  fire  against  one  side, 
a  drift  can  be  started  and  continued  by  thawing  the  frtce,  1  ft  at  a  time. 
It  has  been  found  that  1  ft.  of  timber  piled  against  the  fkce  of  a  drift  will 
thaw  to  a  depth  of  about  1  ft.  The  latest  practice  thaws  the  frozen  ground 
by  means  of  a  steam  Jet  instead  oi  by  fire.  The  openings  have  to  be  securely 
but  not  heavily,  timbered. 

Letohlsf  Methods.— Salt,  copper,  and  sulphur  have  been  mined  bv  leaching 
methods.  In  the  case  of  salt,  a  hole  is  drilled  into  the  salt  formation,  water 
allowed  to  flow  down  and  dissolve  the  salt,  and  is  then  pumped  out  as  a  con- 
centrated brine.  For  excavating  upward  in  salt,  a  Jet  of  wator  is  made  to 
play  upon  the  roof  of  the  level  to  oe  raised,  and  the  resulting  brine  is  carried 
oS  in  launders. 

When  old  workings  containing  the  sulphides  of  copper  are  left  exposed 
to  the  action  of  air  and  to  percolaang  waters,  part  of  the  copper  is  converted 
into  soluble  sulphate.  Water  pumped  from  such  mines  may  be  a  profitable 
source  of  the  metal,  for  by  passing  It  over  iron  bars  or  scrap  iron  the  copper 
will  be  separated  and  deposited  as  cement  copper  in  the  bottom  of  the 
vessel  containing  the  iron. 

In  the  case  of  sulphur,  superheated  steam  is  forced  down  to  melt  the 
lolphur,  which  is  then  pumped  out. 
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COSTS  OF  MINING  ANTHRACITE. 

The  following  costs  Include  only  labor  and  supplies,  and  do  not  include, 
in  general,  improvements,  royalties,  taxes,  and  otner  similar  fixed  charges 
thaSt  are  independent  of  the  method  of  mining. 


LBHIOH  REGION  (PENNA.). 

The  costs  for  the  Lehigh  region,  though  based  on  the  results  of  a  single 
company,  are  believed  to  be  very  iairly  representative  of  the  entire  region. 
They  are  the  mean  costs  of  two  collieries  where  about  2,000  men  were 
employed  inside  and  outside,  and  apply  to  the  year  1897,  when  the  con> 
dition  at  all  anthracite  mines  was  very  unfavorable  to  economical  working, 
as  the  mines  were  then  working  on  very  short  time. 

The  tonnage  at  these  collieries  for  the  year  was  as  follows: 

January,    29,775.04  May,      34,090.02  September,  27,408.94 

February,  30,872.97  June,      36,761.89  October, 

March,      42,837.04  July,      44,409.18  November, 

April,        88,553.08  August,  37,500.97  December, 

The  following  tables  show  the  distribution  of  this  output  by  slses  during 
the  year,  and  the  costs  per  ton  itemized  under  the  several  headings  given: 


ber,  27,406.94^ 
r,  56,710.04  | 
ber,  48,177.94  f 
)er,  87,587.02  J 


Total, 
463,672.08. 


Percentages  of  Diffebent  Sizes. 


Month. 


January .... 
February  . 

March 

April   

May 

June 

July 

August  .... 
September. 
October  .... 
November. 
December 
Year 


Lump. 

Broken. 

Egg. 

Stove. 

Chestnut. 

10.56 

23.59 

18.27 

18.69 

14.21 

12.34 

22.54 

18.11 

17.98 

14.50 

11.85 

19.26 

18.81 

19.69 

13.18 

12.81 

19.21 

18.35 

19.48 

11.14 

13.81 

19.11 

18.35 

19.01 

11.32 

15.29 

18.60 

17.73 

19.08 

11.23 

14.26 

19.89 

17.41 

18.30 

11.25 

13.56 

20.26 

18.10 

17.72 

11.49 

12.31 

20.41 

18.27 

18.28 

11.61 

12.21 

18.01 

19.15 

18.89 

12.28 

11.40 

18.53 

19.78 

19.79 

12.01 

10.78 

19.56 

20.09 

20.32 

12.07 

12.58 

19.71 

18.59 

18.99 

12.15 

Pea. 


14.68 
14.53 
17.21 
19.01 
18.40 
18.07 
18.89 
18.87 
19.12 
19.46 
18.49 
17.18 
17.98 


Costs  of  Mining  and  Pbeparation. 


Month. 


January ... 
February.. 

Jfarch 

April  

May 

June 

July 

August .... 
September 
October.... 
November 
December. 
Year   .. — 


OatsMe. 

Inside. 

Total 
Co«t. 

Credits. 

Labor. 

SappIiM. 

Total. 

Labor. 

Soppliei. 

Total. 

.800 

.109 

.409 

.951 

.196 

1.147 

1.595 

.100 

.297 

.085 

.382 

.909 

.190 

1.099 

1.519 

.063 

.243 

.047 

.290 

.844 

.151 

.995 

1.311 

.088 

.242 

.071 

.313 

.822 

.137 

.959 

1.303 

.075 

.251 

.100 

.351 

.852 

.166 

1.018 

1.397 

.103 

.300 

.079 

.379 

.500 

.203 

.703 

1.676 

.103 

.240 

.063 

.303 

.487 

.162 

.649 

1.485 

.084 

.248 

.095 

.343 

.709 

.182 

.891 

1.579 

.085 

.278 

.096 

.374 

.682 

.158 

.840 

1.588 

.064 

.228 

.093 

.321 

.721 

.129 

.850 

1.580 

.072 

.247 

.093 

.340 

.806 

.210 

1.016 

1.846 

.091 

.290 

.061 

.851 

.833 

.220 

1.053 

1.883 

.090 

.271 

.092 

.368 

1.109 

.162 

1.271 

1.634 

.088 

Net  Cost 


1.495 
1.456 
1.223 
1.228 
1.294 
1.473 
1.401 
1.494 
1.534 
1.508 
1.755 
1.793 
1.546 


r 
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Cast  FBB  Ton  of  Suppuxs  Used  Insibi. 


Distribution. 


Oils 

Powder 

Lumber.^ 

Props 

Peed 

Mules  killed,  etc. 
T  rails,  Itogs,  etc. 

Wire  ropes 

General  supplies 


Totai  general  supplies 


Pumping  machinery  .... 
Hoisting  machinery  ... 
Ventilating  machinery. 

Boilers 

Mine  cars 

Engines 


Total  repairs 


Total  cost  inside 

Credits 

Net  cost  inside  ... 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jun. 

.010 

.011 

.007 

.010 

.007 

.009 

.036 

.0»0 

.031 

.026 

.030 

.032 

.007 

.025 

.011 

.004 

.002 

.008 

.040 

.027 

.021 

.015 

.022 

.027 

.039 

.018 

.019 

.017 

.023 

.022 

.010 

.005 

.014 

.019 

.013 

.009 

.005 

.012 

.007 

.009 

.018 

.010 

.018 

.016 

.025 

.019 
.166 
.009 

.021 

.014 

.009 
.109 

.018 
.133 
.016 

.021 
.163 
.023 

.167 

.140 

.005 

.004 

.012 

.021 

.030 
.196 

.018 

.007 

.016 

.017 
.033 

.017 

.023 

.011 

.028 
.137 

.040 

.190 

.151 

.166 

.203 

.100 

.063 

.088 

.075 

.103 

.103 

.096 

.127 

.063 

.062 

.063 

.100 

JuJ. 


.006 
.029 
.007 
.019 
.022 
.015 
.010 
.013 
.013 

.134 

^OM 


.024 


.028 

.162 
.084 

.078 


Cost  per  Ton  of  Supplies  Used  Outside. 


Distribution. 


Oils 

Lumber 

Feed  

Mules  killed,  etc 

T  rails,  firogs,  etc 

Wire  ropes  

Cteneral  supplies  

Total  general  supplies. 

Pumping  machinery  .... 

Hoisting  machinery 

Ventilating  machinery . 

Breaker  machinery 

Boilers 

Breaker 

Tracks  and  sidings 

Miscellaneou& 

Total  repairs 

Total  cost  outside 

Credits  

Net  cost  outside. 


Jan. 
.010 

Feb. 

.008 

Mar. 
.007 

Apr. 

May. 
.009 

Jun. 

.006 

.009 

.022 

.025 

.003 

.016 

.015 

.005 

.008 

.004 

.005 

.004 

.005 

.005 

.001 

.003 

.004 

.005 

.020 
.060 

.021 

.015 

.008 

.040 
.073 

.016 

.058 

.031 

.037 

.040 

.001 

.008 

.002 

.001 

.001 

.003 

.008 
.003 

.028 

.012 

.008 

.014 

.017 

.011 

.006 

.005 

.002 

.013 

.001 

.011 

.006 

.006 

.005 

.006 

.005 
.001 

.006 
.039 

.049 

.027 

.016 

.034 

.027 

.109 

.085 

.047 

.071 

OOO 

.079 

.109 

.085 

.047 

.071 

.100 

.079 

Jul. 

.008 
.012 
.006 

.002 

.019 

.047 

.001 

.006 
.006 
.002 


.016 

^oS^ 

.063 


In  the  two  tables  above  and  the  one  following,  the  figures  were  ayailabito 
fbr  seven  months  of  the  year  only,  but  an  average  for  these  months  gives  a 
fair  average  for  the  year. 


WYOMING  RSOION, 


VnoBXKD  Qon  of  Outbids  Labor. 

OoempatioM. 

Jan. 

Feb. 

March. 

AprU. 

Ma7. 

Jane. 

Jal7. 

Forenuui  snd  SMistanta 

.Olt 
.004 
.009 
.008 
.014 
.078 
.OOS 
.007 

.011 
.004 
.012 
Mi 
.014 
.071 
.006 
.006 

.007 
.008 
.018 
.008 
.011 
.066 
.008 
.004 

.006. 

.008 

.011 

.001 

.009 

.060 

.008 

.006 

.006 

.001 
.019 
.008 
.011 
.068 
.004 
.006 

.006 
.001 
.016 
.008 
.018 
.069 
.006 
J06 

.006 

Clerk*.  shiviMr  Mid  rnvDlT..... 

.001 

Hoisting  •nginMn 

Pnfnn  And  fm  mC^DWnY  ............. 

.011 

L«ooinotiTe  engiiiMn  and  helpers 

Firamen  and  aihmen..... 

BtablenMn 

jOll 
.067 
.008 

.004 

.188 

.1ST 

a06 

.109 

.114 

480 

.004 
.006 
.006 
.011 
.004 
.066 
.006 
.001 
.001 
.006 
.011 

.101 

.004 
.007 
.001 
.014 
.00« 
.068 
.007 
.008 
.007 
.007 
.011 

.004 
.007 
JOB 
.018 
.006 
.068 
.007 
.006 
.001 
.009 
.018 

.001 
.006 

.001 
.018 
.006 
.068 
.007 
Mt 
JOOl 
.009 
J0» 

.006 

.006 
.001 
.011 
.006 
.068 
.006 
.001 
.001 
.006 
.011 

.008 
.007 
.001 
.011 
.006 
.048 
.006 
.001 
.001 
.004 
.010 

.008 

Top  drlTon  and  oilers 

.OOT 

Dompmen 

Platform  and  dooklnc  boss 

.001 
.011 

Ohate  bosses ^ 

Slate  pickers 

Car  loaders 

.006 
.057 
.006 

Breaks  engineer 

.001 

Dirt  and  plane  engineer 

.001 

Rook  and  dirt  men 

.006 

G«iieral  laborers 

.011 

ToUA  hrttktr 

418 

.119 

.114 

.lOB 

.110 

.114 

.115 

Pnmpfng  machinenr 

.001 
.010 

.006 
.004 
.OOT 
.008 
.004 

JOOl 
.006 

.004 
.004 
JM 
.007 
.001 

.006 
JOOi 

jm 

.007 
JOffI 

JM 

.006 

XM6 
.009 

.006 

.008 

.011 
.007 

.006 
.008 
.001 
.006 
.019 
.006 

Hoisting  maohinery 

.006 

Breaker  machinery 

.001 

Breakers .^  *    ^    , 

.001 
.006 

Traokff  and  sidings........ .,i  ^ .  ^ 

.007 

.001 

Totai  rtpalra 

.080 

Ml 

.014 

JIM 

.017 

.046 

.014 

Total  Met  ontside  labor 

.800 

J97 

J48 

J41 

J61 

JOO 

.140 

WYOMINQ   RBQION    (PBNNA.). 

The  following  tables  of  costs  for  the  Wyoming  region  give  mean  results 
from  a  number  of  different  collieries  which  are  quite  widely  separated 
in  location  and  at  which  the  conditions  of  working  are  so  different  that 
the  mean  results  given  are  thought  to  represent  average  results  for  the 
entire  region.  They  also  apply,  approximately,  to  the  Lackawanna  Valley, 
where  the  general  conditions  are  the  same,  although  the  seams  are  much 
nearer  the  surface  than  in  the  Wyoming  region,  and  the  amount  of  gas 
present  in  the  coal  is  much  less.  These  same  figures  are  probably  also  fitirly 
representative  of  the  Schuylkill  and  Shamokin  fields. 

The  collieries  for  which  tne  following  figures  are  averageB  are  all  operated 
through  shafts,  varjring  in  depth  from  §50  to  1.100  ft.,  and  many  of  the  mines 
are  extremely  gaseous.  The  number  includes  several  entirely  new  and 
modem  sur&ce  and  underground  plants,  and  the  others,  though  not  new, 
have  been  overhauled  and  modernized  as  much  as  possible.  At  these 
collieries  10,000  men  were  employed  during  the  year  1896,  for  which  the 
data  are  given,  and  during  the  same  year  the  output  was  1,862,144  tons, 
distributed  during  the  year  as  follows: 


If 
I 

I 


Month. 

Ton- 
nage. 

Days 
Worked. 

Month. 

Ton- 
nage. 

Worked. 

Month. 

Ton- 
nage. 

Days 
Worked. 

January.' 
February 
March.... 
April 

107,962 

98,109 

141,991 

1S6,876 

7.94 
7.87 
9.95 
9.69 

May 

June 

July 

August .. 

179,762 
164,062 
145,445 
177,241 

12.84 
11.92 
10.69 
12.96 

September 
October.... 
November 
December 

161,213 
198,161 
228,45« 
123,406 

11.62 

13.90 

17.15 

8.87 

1Q 


r 
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COSTS  OP  MININQ  ANTBRACITE. 


Pescbntages  of  Diffebent  Sizes. 


Month. 


January   .. 
February .. 

March  

April 

May   

June 

July   

Augrust 

September 

October 

November 
December.. 
Year  


Lamp. 

* 

Steamer. 

Broken. 

Egg. 

StoTe. 

Cheatnut. 

8.21 

.02 

17.53 

20.31 

21.46 

18.04 

8.29 

.12 

17.75 

20.41 

20.85 

17.44 

6.20 

.55 

17.64 

20.04 

20.65 

18.00 

7.01 

.38 

16.76 

20.17 

20.92 

18.12 

4.79 

.27 

18.63 

20.33 

21.42 

18.23 

3.29 

.21 

22.43 

19.72 

20.21 

18.57 

7.84 

.42 

19.42 

19.54 

19.46 

18.58 

5.05 

.57 

19.84 

20.69 

18.92 

18.62 

4.25 

.27 

18.81 

21.98 

19.98 

19.32 

4.72 

.01 

16.77 

22.00 

21.27 

19.88 

2.69 

.16 

15.56 

22.42 

22.66 

20.71 

4.40 

.57 

14.03 

22.62 

21.27 

21.41 

5.23 

.29 

17.96 

20.95 

20.80 

19.03 

Pea. 


14.43 
15.14 
16.92 
16.64 
16.33 
15.57 
14.74 
16.31 
15.39 
15.35 
15.80 
15.70 
15.74 


Costs  op  Mining  and  Pbspabation  pee  Ton. 


Months. 


January  .... 
February.... 

March 

AprU 

May  

June 

July  

August 

September 
October  .... 
November .. 
December  . 
Year 


Outside. 

Inside. 

^ 

1 

^ 

1 

1 

1 

1 

i 

J 
1 

• 

1 

5 

.363 

.042 

1 
.014 

.419 

3 

.934 

t 

.249 

1 

.028 

e 

S 

1.211 

1.630 

.120 

.376 

.042 

.014 

.432 

.947 

.273 

.030 

1.250 

1.682 

.104 

.297 

.031 

.010 

.338 

.872 

.182 

.022 

1.076 

1.414 

.096 

.305 

.034 

.023 

.362 

.870 

.203 

.020 

1.093 

1.455 

.108 

.270 

.022 

.011 

.303 

.839 

.164 

.015 

1.018 

1.321 

.101 

.290 

.032 

.011 

.333 

.874 

.206 

.018 

1.098 

1.431 

.105 

.309 

.046 

.019 

.374 

.879 

.266 

.033 

1.178 

1.552 

.098 

.286 

.030 

.017 

.333 

.873 

.194 

.026 

1.093 

1.426 

.102 

.284 

.039 

.012 

.335 

.890 

.201 

.024 

1.115 

1.450 

.105 

.267 

.036 

.013 

.316 

.856 

.188 

.020 

1.064 

1.380 

.100 

.262 

.029 

.010 

.301 

.860 

.214 

.018 

1.092 

1.393 

.104 

.344 

.045 

.018 

.407 

.954 

.307 

.028 

1.289 

1.696 

.120 

.297 

.034 

.014 

.345 

.881 

.214 

.023 

1.118 

1.463 

.104 

o 
u 


1.510 
1.578 
1.318 
1.352 
l.*220 
1.326 
1.454 
1.324 
1.345 
1.280 
1.289 
1.576 
1.850 


CJoAL  Peoduction  op  United  States. 


Year. 

Bituminous. 

Anthracite. 

Tons  of  2,000  Lb. 

Value. 

Tons  of  2,240  Lb. 

Value. 

1890 
1895 
1897 
1898 
1899 

111,302,322 
135,118,193 
147,609,985 
166,592,023 
193,321,987 

$110,420,801 
115,779,771 
119,567,224 
132,586,313 
167,935,304 

46,468,641 
57,999,937 
52,611,680 
53,382,644 
53,944,647 

166,383,772 
82,019,272 
79,301.954 
75,414,537 
88,142,130 

PRICKS  OF  OOAL. 


The  table  onjp&ge  327,  given  by  the  U.  S.  Geological  Survey, will  be  of  interesl 
as  showing  the  nuctuations  in  the  average  prices  ruling  in  each  State  since  1886. 
Prior  to  that  year,  the  statistics  were  not  collected  with  sufficient  accuracy  to 
make  a  statement  of  average  prices  of  anv  practical  value.  These  averages  are 
obtained  by  dividine  the  total  value  by  the  total  product,  except  for  tibe  yean 
1886, 1887j  and  1888»when  the  item  of  oolUery  consumption  was  not  oonsldwed. 
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COST  OF  COKING  OOAL. 

The  cost  for  labor  alone  of  coking  coal  has  been  given  by  a  number  of 
companies  in  the  Connellsville  district  as  61  cents  per  ton  of  coke  produced, 
or  40^  cents  per  ton  of  coal  ooked,  exclusive  of  royalties,  taxes,  rents,  and 
such  fixed  charges. 

In  the  "American  ManufiBUiturer "  for  July  27,  1899,  Mr.  F.  C.  Keighley 
gave  the  following  as  the  proportional  costs  of  the  several  items  of  mining 
and  coking  Ck>nnell8Ville  coal: 


Coke  Yard. 

Per 
Cent. 

Coke  Yard. 

Per 
Cent 

Drawing 

Leveling 

Charging 

Carters 

Bookkeeper  and  superin- 
tendent, i  of  total  for 
mine  and  yard 

Clftaninar  tracks 

70.01  . 
8.96 
3.48 
2.4S 

2.04 
1.20 

Shifting  cars 

Yard  bosses  v 

Masons  on  renairs 

1.28 
1.12 
6.12 

Forking 

Indivif  ual  cars  

Sundry  

Yard  pumps 

Total   

1.60 
.52 
.61 
.76 

100.08 

V 


Mine. 


Room  coal 

Drivers 

Heading  coal 

Rope  haulage  

Roads  

Mine  bosses  

Fire  boss 

Timber 

Trappers 

Superintendence,  i  of  total 

for  mine  and  yard 

Cagers  

Runners  and  oilers   

Engineers  

Firemen  

Dumpers 


Per 
Cent. 


52.15 
8.07 

11.15 
2.81 
3.03 
1.31 
1.44 
2.83 
.43 

.49 

.66 

.80 

1.01 

1.13 

1.25 


Mine. 


Machinist 

Bookkeeping,  i  of  total  for 

mine  and  yard 

Outside  labor  

Stable  boss 

Teams 

Blacksmith  

Carpenters 

Lamp  cleaners 

Inside  pumps 

Steam  pumps   

Surveys 

Extra  men '. 

Supplies 

Betterments 

Total 


Per 
Cent 


.49 

.49 

2.08 

.96 

.65 

.98 

1.01 

.82 

.59 

.55 

.41 

.51 

.92 

1.05 


100.02 


The  mine  labor  is  67.20^  of  the  total  labor  cost,  and  the  coke-yard  labor  if 
32.8M  of  the  total  labor  cost 

Tne  cost  of  equipping  a  coke  plant  and  opening  a  mine  to  Aimish  the 
coal  in  the  Connellsville  region  is  m)m  $500  to  ll.OOO  per  oven,  dependent  on 
the  kind  of  opening  for  the  mine  and  local  considerations.  ^00  per  oven  is 
a  fair  price  for  a  plant  when  the  conditions  are  favorable  and  the  mine  is  a 
drift  mine,  and  $1,000  is  a  fair  price  for  a  shaft  mine  about  800  ft  deep, 
under  rather  unfavorable  conditions. 

Fulton  gives  the  cost  of  the  various  t3rpes  of  coke  ovens  as  follows: 

Not  samng  by-prodticts:  Beehive,  $300;  Thomas,  $800;  McLanahan,  IBOO; 
Belgian,  $1,000;  Copp6e,  $1,000;  Bernard,  $1,000. 

Saving  by^oducts:  Simon  Carves,  $1,300;  Semet-Solvay,  $1,600;  Hilessner, 
$1,400;  G.  Seibel,  $1,300;  Otto-Hofflnan,  $1,600;  Festner-Hofflnan,  $1,600. 

The  usual  quantity  of  coal  required  to  make  1  ton  of  coke  is  1.4  to  1.6  tons. 

The  loss  in  loading  coke  at  the  ovens  and  again  unloading  it  at  the 
furnaces  or  steel  works  is  2^  to  3^.  During  the  winter  and  in  wet  seasons 
coke  takes  on  2)(  to  8)(  of  moisture  in  transit  between  the  ovena  and  the 
iUmaces. 
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EXPLOSIVES. 

The  characteristics  of  a  good  blasting  ezploslye  are:  (1)  saffioient  stability 
and  strength;  (2}  difficulty  of  detonating  by  mechanical  shock;  (8)  handy 
'  form;  (4)  absence  of  injurious  effects  on  the  user. 

Explosives  are  diviaed  into  two  general  classes:  (1)  low  ezplosiTes  or 
direct-exploding  materials;  (2)  high  explosives  or  indirect*exploding  mate- 
rials that  require  a  detonator. 

Low  Explosives.— Gunpowder  or  black  powder  is  the  type  of  this  group. 
Its  composition  varies,  depending  on  the  purpose  for  whicn  it  is  to  be  used, 
but  the  ingredients  commonly  used  in  its  manu£EU!ture  are  saltpeter,  sulphur, 
and  charcoal. 

The  following  table  gives  the  composition  of  blasting  powder  in  different 
countries: 

Composition  of  Blasting  Powdbb  {Outtmann). 


IngredienU. 

Great 
Britain. 

AoBtria' 
Hungarj. 

France. 

Roaaia. 

UmIj. 

Unit«d 
Stataa. 

Saltpeter 

Sulphur 

^harcoal 

76 

10 
15 

66.0 
12.6 
21.5 

64 
16 
20 

62 
20 

18 

66.6 
16.7 
16.7 

70 
18 
12 

64 
16 
20 

High  Explosives.— These  are  a  mixture  of  nitroglycerine  with  an  absorbing 
dope,  the  composition  of  which  is  such  that,  in  addition  to  thoroughly  ana 
permanently  absorbing  the  nitroglycerine,  it  is  itself  a  gas-producing  com- 
pound. Nitroglycerine  at  60°  F.  has  a  specific  gravity  of  1.6.  It  is  odorless, 
nearly  or  quite  colorless,  has  a  sweetish  bumy  taste,  is  poisonous  even  in 
very  small  quantities,  and  i»  insoluble  in  w&ter.  All  nitroglycerine  com- 
pounds freeze  at  42°  F.,  and  explode  when  confined  at  360°  F.  It  takes  fire 
at  806^  F.,  and.  if  unconflned,  bums  harmlessly  unless  in  large  quantities  so 
that  a  part  of  it,  before  coming  in  contact  with  the  air,  becomes  heated  to 
the  exploding  point. 

Thiwing  Oynemite.— All  frozen  cartridges  should  be  thawed,  as,  when 
frozen,  cartridges  are  very  hard  to  explode,  and  even  if  they  do  explode, 
the  results  are  not  nearly  as  satisfactory  as  when  properly  thawed.  When 
cartridees  are  frozen,  do  not  expose  to  a  direct  heat,  but  thaw  by  one  of 
the  following  methods:  First,  place  the  number  of  cartridges  needed  for 
a  day's  work  on  shelves  in  a  room  heated  by  steam  pipes  (not  live  steam) 
or  a  stove.  Where  regular  blasting  is  done,  a  small  house  can  be  built  for 
this  purpose,  fitted  with  a  small  steam  radiator.  Exhaust  steam  through 
these  pipes  gives  all  heat  necessary.  Bank  your  house  around  with  earth, 
or,  preferably,  fresh  manure.  Second,  use  two  water-tight  kettles,  one 
smaller  than  the  other,  put  cartridges  to  be  thawed  in  smaller  kettle,  and 
place  it  in  larger  kettle,  filling  space  between  the  kettles  with  hot  water  at, 
say,  130°  to  140°  P.,  or  so  that  it  can  be  borne  by  the  hand.  To  keep  water 
warm,  do  not  try  to  heat  it  in  the  kettle,  but  add  fresh  warm  water.  Cover 
kettles  to  retain  heat.  In  thawing  do  not  allow  the  temperature  to  get 
above  212°  F.  Third,  where  the  number  of  cartridges  to  be  thawed  is  small, 
they  may  be  placed  about  the  person  of  the  blaster  until  ready  for  use,  the 
heat  of  the  body  thawing  the  cartridges.  Keep  cartridges  away  from  all 
fires— this  aptfies  to  all  explosives.  Do  not  be  in  a  hurry,  but  thaw  slowly. 
Do  not  thaw  before  an  open  fire.  Do  not  put  cartridges  in  an  oven,  on  a  hot 
stove,  against  hot  iron  plates,  or  against  brick  casing  of  a  boiler.  Do  not  put 
cartridges  in  hot  water,  or  expose  them  to  live  steam.  And  do  not  take  any 
kind  of  powder,  fuse,  or  caps  near  a  blacksmith  shop. 

A  latge  number  of  high  explosives  are  made  that  vary  but  little  in  their 
composition,  the  main  difference  being  in  the  character  of  the  dope  and  in 
the  percentage  of  nitroglycerine.  The  trade  name  is  usually  determined 
by  the  percentage  of  nitroglycerine,  thus  lOjt  dynamite  means  tnat  the  dyna- 
mite contains  lO^fc  of  nitroglycerine,  etc. 

Sifety  explosives,  or  as  they  are  called  in  England,  permitted  explosives,  are 
comnounds  intended  for  use  in  gaseous  mines,  and  they  are  so  constituted 
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that  they  will  Ignite  without  producing  the  extremely  high  temperature 
given  by  ordinary  explosives.  The  term  Mmdess  eamlosivea  was  formerly 
used,  but  it  has  been  replaced  by  8(\fety  es^piotivea,  as  the  absence  of  a  flame 
is  not  now  necessary  to  a  permitted  explomve. 

Ck>HMON  Blasting  EzFLOsiyss. 


Atlas. 

Brands  Equi 

• 

8^ 

1 

I 

1 

O 

m 

Per( 
Nitrogl 

c 
a 

1 

S 

3 

75 

A 

M 

H 

A 

No.lXX 

No.  1 XX 

B+ 

60 

B  + 

No.l 

No.l 

B 

60 

B 

No.  2  83 

No.  288 

c+ 

45 

c  + 

No.  2  8 

No.  28 

c 

40 

c 

No.  2 

No.  2 

D+ 

83 

N0.2C 

D 

80 

No.  3 

E+ 

27 

N0.3B 

E 

20 

N0.4B 

1 

6 

a 

•5 

^ 

3 

^ 

£ 

1 

£ 

d 
a 

a 
o 

1 

O 

» 

Old  No.  1 

No.l  A 

No.lXX 

No.l  A 

No.l 

No.  1X8 

New  No.  1 

No.  2 

No.  IX 

No.  2  Extra 

No.  2 

No.SC 

No.l 

N0.2C 

N0.2X 

No.  3 

No.  2 

XXX 

N0.3X 

xxxx 

No.  8 

No.l 
No.  2  XX 
N0.2X 
No.  2 
No.  3  A 
No.  3 
No.  SB 
No.  4 


Drilling.— Adapt  the  size  and  depth  of  the  hole  to  the  work  to  be  accom- 
plished. As  a  rule,  for  ordinary  rock  blasting,  the  distance  between  the  holes 
should  be  equal  to  fh)m  one-half  to  the  total  depth  of  the  holes,  the  holes 
set  back  Arom  the  face  twice  as  far  for  dynamite  as  for  common  black 
powder,  say  a  distance  equal  to  the  depths  of  the  holes  or  slightlv  less,  and 
load  one-tnird  the  length  of  the  hole.  These  directions  are  only  general, 
and  do  not  apply  to  very  deep  holes.  Much  depends  on  character  and  hard- 
ness of  the  rocK,  also  on  size  of  drill  holes.  In  all  cases,  the  experience 
and  ludgment  of  the  blaster  must  be  his  guide. 

Oismeter  of  Holes.— In  driving  headings  or  sinking  shafts,  experience  shows 
that  holes  having  a  diameter  varying  from  I  to  li  in.  at  the  bottom  are 
most  economical  In  hard  rock,  if  charged  with  the  strongest  high  explosive. 
On  the  contrary,  holes  of  large  diameter,  say  li  to  2  in.  in  diameter,  and 
charged  with  strong,  low,  and  cheap  explosive,  are  the  best  when  operating 
in  weak  rock.  All  the  holes  in  the  heading  or  shaft  should  have  the  same 
diameter,  and  the  best  arrangement  is  to  nve  an  equal  resistance  of  rock  to 
each,  and  to  so  place  each  hole  that  it  will  receive  the  greatest  benefit  firom 
the  free  faces  formed  by  firing  the  previous  holes. 

Rolition  of  Oitmeter  o?  Holt  to  Length  of  Chtrge.— By  experiment,  it  has  been 
proved  that,  as  a  rule,  the  length  of  the  charge  of  explosive  for  single  holes 
should  not  exceed  from  8  to  12  times  the  diameter  of  the  hole;  that  is,  a 
1"  hole  should  never  have  a  charge  of  more  than  12  in.  of  expl<Mive  placed 
in  it.  Where  several  holes  are  fired  together,  this  rule  is  sometimes  ^ufl^tly 
deviated  frt>m.  It  is  usually  best  to  employ  a  length  of  charge  between  theae 
two  limits,  as,  fbr  instance,  about  10  times  the  diiuneter  of  the  hole. 

Chtmbering  or  squibbing  is  the  blasting  out  of  a  cavity  at  the  bottom  of  a 
drill  hole  to  allow  of  a  lare^er  charge  of  explosive  being  used. 

Bulling  a  drill  hole  is  the  working  of  clay  into  anv  cracks  opening  into 
a  drill  hole,  to  prevent  the  power  of  the  blast  being  scattered  through 
these  cracks. 

Chargini.— The  charge  must  fit  and  fill  the  bottom  of  bore  and  be  packed 
lolidv  If  holes  are  comparatively  dry,  slit  the  paper  of  the  cartridges  length- 
wim  with  a  knife,  and  m  each  is  dropped  into  the  hole,  strike  a  woooeo 
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rammer  on  it  with  sni&cient  force  to  make  the  powder  completely  fill  the 
bottom  and  diameter  of  the  bore.  Where  water  is  not  present,  a  more  per^ 
feet  loading  is  made  by  taking  powder  out  of  cartridge  and  dropping  it  in 
loosely,  ram  each  6  or  8  in.  of  the  charge,  nsinff  the  paper  of  each  cartridge 
as  a  wad,  to  take  down  any  powder  that  may  nave  stuck  to  the  sides  of  the 
hole.  If  water  is  standing  in  the  hole,  do  not  break  the  paper  of  the  car- 
tridges  and  avoid  ramming  more  than  enough  to  settle  the  charge  on  the 
bottom,u8Uig  cartridges  of  as  large  diameter  as  will  readily  run  into  the  bore. 

When  caitridges  are  used,  the  last  cartridge  placed  in  the  hole  should 
oontahi  an  eleotnc  exploder,  or  cap  with  ftise  attached.  When  loose  powder 
is  used,  a  piece  of  c<urtridge  2  or  8  in.  in  length,  with  exploder  or  cap  attached, 
should  be  pressed  firmly  on  top  of  charge.  Some  blasters  put  an  exploder  or 
cap  in  the  first  cartridge  put  in  the  hole,  placine  remainder  of  charge  on  top. 
The  charge  should  be  placed  in  a  solid  part  of  the  material  to  be  broken.  If 
possible,  uie  &ce  should  be  undercut  and  then  the  overhanging  material 
diOt  down.  Best  results  are  obtained  when  the  bore  holes  cross  the  faces  or 
layers  of  the  material  at  right  angles.  The  charges  should  be  placed  so  as  to 
disturb  the  sides  and  roof  of  a  tunnel  through  material  of  medium  hardness 
as  little  as  possible.  The  charge  at  the  bottom  of  the  tunnel  should  be 
placed  from  6  to  12  in.  below  the  permanent  level. 

Amount  of  Chtrgi.~No  invariable  rule  can  be  laid  down  as  to  the  diameter 
and  length  of  cartridges  to  be  used  under  any  and  all  circumstances,  nor  the 
amount  or  grade  of  powder  required  foi  all  Idnds  of  work.  Much  depends 
on  the  good  sense  and  Judgment  of  the  persons  using  the  explosive. 
Guttmann,  in  his  well-known  handbook  on  blasting,  says:  "There  is  no  lack  of 
theories  for  the  determinatiou  of  blasting  charges,  but  their  application 
depends  on  empirical  foots  determined  oy  practical  work.  I  therefore 
advise  that  the  calculation  of  charges  under  ordinary  conditions  be  n^- 
lected,  and  recommend  watching  actual  operations  for  some  weeks,  asking 
for  explanation  from  the  most  expert  miners.  In  this  way  experience  will 
be  gotten  in  a  short  time  that  will  enable  one  to  estimate  with  some  precision 
the  proper  charge  to  use  after  inspecting  the  spot  to  be  blasted." 

A  good  rule  by  which  to  determine  the  weight  of  black  powder  to  use  in 
any  givea  hole  in  bituminous  workixigs  is  the  following:  Fmd  the  distance 
in  feet  from  the  charge  out  in  the  line  of  least  resistance.  Multiply  the 
fourth  power  of  this  distance  bv  ^  the  diameter  of  the  hole  in  inches,  and 
divide  this  product  by  the  thickness  of  the  seam  in  inches.  The  result  will 
be  the  weight  of  the  charge  in  pounds.  Thus,  for  a  2^''  hole  in  a  seam  of 
bituminous  coal  6  ft.  thick,  where  the  charge  is  placed  4^  ft.  deep  from  the 
fBuce  of  the  coal,  or  cutting,  we  have  for  the  weight  of  charge  to  be  used, 

jX  g-XgXgX  g^^   -5.71b. 

Tamplnf.— In  deep  holes,  water  makes  a  good  tamping,  but  fine  sand, 
clay,  etc.  are  generally  used.  Fill  in  for  the  first  6  or  6  in.  careAilly,  so  as 
not  to  displace  cap  and  primer:  then  with  a  hardwood  rammer  i>ack  bal- 
ance of  material  as  solid  as  possible,  ramming  with  the  hand  alone,  and  not 
using  any  form  of  hammer.    Never  use  a  metikl  tampine  rod. 

FIrlsg.— If  the  work  is  wet,  or  the  charge  used  under  water,  use  water- 

Sroof  fUse,  and  protect  the  end  of  the  frise  by  applying  bar  soap,  pitch,  or 
lUow  around  the  edge  of  the  cap.  Water  must  not  be  allowed  to  reach  the 
powder  in  the  ftise  or  the  fdlminate  in  the  cap.  Exploding  by  electricity  is 
nest  under  water  at  great  depth,  as  the  pressure  of  water  is  so  erreat  on  the 
taae  that  it  is  forced  through  and  dampens  it  so  as  to  prevent  firing. 

Setin  Blistinf.— If  a  seam  is  found  in  the  rock,  remove  the  powder  from 
the  cartridges  and  push  it  into  the  seam  and  fire  a  cap  beside  it.  This  will 
open  the  seam  so  that  a  larger  quantity  of  explosive  can  be  used,  and  the 
rock  broken  without  drilling.  In  blasting  coal,  slate,  marble,  granite,  free- 
stone, or  anv  other  material' that  it  is  desirable  to  obtain  in  large  blocks, 
csjrtridges  of  small  diameter  should  be  used  in  wide  bore  holes,  tne  charge 
being  rolled  in  several  iblds  of  paper,  to  prevent  its  touching  the  sides  of  the 
bore  noles.  The  intensity  of  action  and  the  crushing  eff'ect  of  the  explosive 
are  thus  lessened. 

Firing  b|  Dttonition.— Nitroglycerine  explosives  always  require  detonation 
by  a  cap  or  exploder  in  order  to  develop  their  frill  force.  Fig.  1  illustrates 
the  metnod  of  attaching  such  an  exploder  to  the  end  of  a  fhse  and  the  pla- 
cing of  it  in  the  cartridge.  The  exploders  are  loaded  with  frilmlnate  of  mer- 
cury and  are  slipped  over  the  end  of  the  Aise,  after  which  the  upper  end  is 
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crimped  tighUy  against  the  end  of  the  ftiae,  as  shown.  (Miners  sometimes 
bite  the  caps  on  to  the  fUse  with  their  teeth.  This  is  a  very  dangerous  pro- 
ceeding and  should  never  be  allowed,  as,  with  strong  caps,  one  of  them 
exploding  in  a  man's  mouth  would  prove  fatal.)    In  placing  Uie  cap  or 


Pig.  1. 


Pig.  2. 


Fig.  3. 


exploder  into  the  dynamite  or  giant-powder  cartridge,  care  should  be  taken 
that  only  about  two-thirds  of  the  cap  be  embedd^  in  the  material  of  the 
cartridge,  for  if  the  fdse  had  to  pass  through  a  portion  of  the  material  before 
reaching  the  cap.  there  would  be  danger  of  its  isniiting  the  material,  thus 
causing  deflM;ration  of  the  cartridge  in  place  of  detonation.  The  rames 
given  off  by  high  explosives  are  much  worse  In  the  case  of -deflagrating  a 
cartridge. 

The  tieetrio  exploder.  Pig.  2,  has  wires  A  and  B,  which  carry  the  current  to 
the  exploder.  D  is  a  cement  (usually  sulphur)  that  protects  the  explosive 
compound  C  (usually  mercury  ftilminate)  and  the  wnole  is  contained  in  a 
copper  shell.    A  small  platinum  wire  E  is  heated  by  the  passage  of  a  current 

and  ignites  the  explosive.  Fig.  3 
shows  the  method  of  placing  a  cap 
or  an  electric  exploder  in  a  cfurtridge 
of  powder. 

When  a  number  of  holes  are  ex- 
ploded at  one  time,  the  electric 
exploders  are  connected  in  series,  as 
shown  in  Fig.  4,  for  a  small  number 
of  holes,  and  as  in  Fig.  6  for  a  larger 
number. 

FiQ  A  The  battery  for  fhmishing  the 

current  of  electricity  is  a  magneto 
machine  that  is  worked  by  either  pulling  up  or  by  depressmg  a  handle  or 
rack  bar,  or  else  by  turning  a  crank. 

Directions  for  Blasting  by  Eleotrioity.— Drill  the  number  of  holes  desired  to  be 
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fired  at  one  time:  depth  and  spacing  of  holes  depending  on  character  of 

"ock,  size  of  drill  holes,  etc.,  the  blaster,  of  course,  usmg  his  Judgment  In  this 

latter.  Load  the  hole  in  the  usual  manner,  fitting  one  cartridge  with  a  ftm 


ASSAyasifiuTT  of  d&ill  boles. 


T  Into  the  middle  of  oi 


^autrldge,UBhowDlnng.ll,  ^■bowilkeadofftiM.B 

fun  yibet,  tTRrlng  una  to  tie  wires  to  cartridge.    Avoid  taUng 

In  ft,—  ~i,_  ..  i™.  .ui. on  praoUce,  ilie  insulation  ol 

..  electricity  D»r  pua  (Mim  one 

pamtDK  thiougli  the  cap,  bazarding  ~ 


_    .   .    iderl 

.  e  botbnn  end  w „.,  „ - .- 

cacnidse,  irbere  a  hole  bai  been  punelied  wlcb  a  pendl  or  imall  (harp  stick 
to  recelTe  it;  putli  the  powder  close  aiouiid  the  Aue  head.  The  ftue  can  then 
be  held  in  pMUon  by^tylng  a,  smug  anKind  the^catttld^and  the  {'■■ejrIrMj 

tba  two , 

hitches  in  hue  wlree,  aa  _j  . 

the  wiiea  may  be  liUurBd  and  the 

wire  to  the  other,  without  pamlnK  through  the  cap,  hazarding:  a  miBflre. 

The  cartridge  containing  the  run  is  pat  in  on  (op  of  the  charge  by  u 
blasten;  br  others,  at  bottom  of  the  dksrge.  The  beet  place  (or  It  Is  in  ._._ 
center  of  the  charge,  having  part  of  the  charge  above  and  p&rt  belon  it. 
In  tamping  the  hole,  great  care  muatbe  taken  nof  to  cut  the  wires,  orlnjure  the 
cotti)ncoverlna;ofnuewltea,or  topulltheflinootof  thecartrtdge.  Allow 
at  least  a  in,  of^tbe  flue  wire  to  project  above  (he  hole,  to  make  oonnectloni. 

When  all  the  holee  to  be  fired  at  one  Ume  are  tamped,  npaiate  the  end* 
of  the  two  wires  In  each  hole,  and,  bv  the  an  of  connecting  wire,  loin  one 

wire  of  the  flrat  hoP- -"•■ -•  •*• '  "--  -"--  -^^— -^--  — — - 

second  with  one  of 
at  each  end  hole. 


1   "' 

srps 

1  y  ■---■ 

—  i 

kLJ£s; 

m^m 

le  connected,  a 


.n  making  connecUonH.    BareJolnMln  wire  shoald  never  be  allowed  to 

the  gtound,  particalarlT  so  If  the  ground  Is  wet.  This  can  be  prevented  by 
puttbg  di7  stones  under  the  lointa.  The  charges  having  all  been  connected, 
as  directed  above,  the  ftee  wire  of  the  SiBt  hole  should  be  joined  lo  one  of  the 
leading  wires,  and  the  free  vrlie  of  the  last  hole  (o  the  other  of  the  two 
leading  wires.  The  leading  wires  should  be  long  enough  to  reach  a  point  at 
a  safe  dlMance  fiom  the  b^st,  sa;  sao  ft.  at  least.  AHbelng  re&dy,  and  not 
aa  the  men  are  at  a  sat^  dinance.  connect  the  leading  wires,  one  to  each  of 
the  prolectins  screws  on  the  ftont  side  or  top  of  the  battery,  through  each 
of  wWch  a  bSa  Is  bored  tor  the  purpose,  and  bring  the  nuts  down  flnnly  on 
the  wires.  Now,  to  dre,  take  hold  of  the  handle  tbr  the  purpose,  lift  the 
rack  bar  (or  square  rod,  toothed  on  one  side)  lo  Its  full  length,  and  press  It 
down,  Ibf  the  Hist  Inch  of  lis  stroke  with  moderate  speed,  but  Bniahing  ih; 
stroke  wllh  all  force,  bringing  rack  bar  to  the  bottom  of  the  boi  with  a  solid 
thud,  and  the  blast  will  be  made.    Do  not  chum  rack  bar  up  and  down.   It 
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Is  aaneceaaarr  and  haimftit  to  the  mschine.  One  qnlck  stroke  of  the  rsck 
bar  la  aufflclent  to  make  the  blast.  Sevet  uae  fluw  (ezploden)  made  b; 
different  manufltotureis  in  the  aame  blasL    Connectjng  wire  should  be  oC 


Covering  on  wire  8t — ^     .. 

The  powtr  of  *[>  •ipioilii  cannot  be  eiactl;  calcnlated  from  the  qosjilltr 
and  temperature  of  the  gaaresuttine  ftttm  Its  (lelonatloa,  M  It  la  tmpoeatble 
to  dctenoine  the  eiaot  compodtlon  of  gae  at  the  moment  of  eiploidon  and 
during  (he  eubseqaeat  cooling  period.   Tables  that  give  the  relauve  itrength 


of  explosives  are  apt  to  be  mlaleadlng,  aa  lo  mnch  depends  on  the  compo- 
■Itlon  of  the  erptoslvc,  Bod  since  there  ore  so  many  eiplodrea  ofTaTTUic 
eompOHltioiiB  that  aje  aold  under  the  aame  name- 

Praiura*  Dtialiipa^  ij  tiploalna.— According  (o  eiperlnieata  C0E»dact«d 
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by  eaiNm,  Vldle,  Nonle,  and  Abel,  the  following  ■pproiimftte      ..  

wesBures,  In  tons  per  square  lacb,  developed  bv  TaiiODa  eipIodTes,  hare 

been  amved  at;  Heroury  Mmlnate,  193;  nitroglycerine,  Bf' ** —  ""- 

blastltig  powder,  43. 

"-'—  il  EiplBiliti.— T&klDg  gunpowder  (containing  6l«  nltpei 


■tandard,  and  calling  lU  value  1,  the  IbUowlng  are  the  a 


tlo.l 


king  thould  be  mch  as  to 


of  the  other  eiploalTes:  Dynamtte,  containlngTM  nitroglycerine,  2.2;  b 
gelatine,  contdnlng  92*  nitcoglyeerine,  8,2;  nlCmglToerine,  "  " 

The  irrir^tneot  of  ^rlll  holei  for  driving  and  BTalilngtlio 

permit  the  easy  handling  or  tbe  drills  ana  also  to  mlalniiEe  the  n 
holea  and  the  weight  of  eiplodve.  Two  dlsUnct  systenis  are  in  us 
(«ni«r  cuf,  by  which  a  center  core  or  key  is  flret  removed,  and  i 
coDoentilc  layen  about  this  core;  (2)  the  i^uam  cut,  In  which  th 
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holes  are  paraHel  to  the  sides  of  the  excavation,  the  rock  being  lemoved  in 
wedges  instead  of  in  concentric  circles. 

Tne  center-cut  method  is  shown  in  Figs.  6,  7,  8,  and  9,  Fig.  6  showing  the 
fkce  of  a  heading.  Fig.  7  an  elevation  or  vertical  section,  and  Figs.  8  and  9 

Elans.  The  numbers  of  the  holes  correspond  in  the  several  views.  The 
oles  are  supposed  to  be  drilled  by  rock  drills,  and  they  are  so  placed  that 
all  except  the  breaking^n  holes  have  an  equal  line  of  resistance.  The  num- 
ber of  holes  given  is  supposed  to  take  out  a  clean  cut  of  the  whole  section 
ahcdUi  the  extent  of  8  ft.  6  in.  The  order  of  firing  the  holes  is:  (1)  break- 
ing-in  shots  1,  f,  5,  and  U  simultaneously;  (2)  5,  5,  7,  8\  (3)  9,  10,  11.  li; 
(4)  15,  lA,  15,  16;  (5)  17, 18, 19,  tO. 

The  square-cut  arrangement  is  shown  in  Figs.  12  (foce),  10,  11  (plans), 
and  IS  (vertical  elevation).  The  entering  wedge,  Hg.  11,  is  best  removed  in 
two  stages:  First,  the  part  eg  h  by  the  shots  1,  t,  5,  and  W,  and  second,  part 
efh  by  shots  6,  6,  7,  and  8.  The  other  shots  are  then  fired:  (1)  9, 10, 11,  It: 
(2)  IS,  U,  16, 16;  (3)  17, 18, 19,  tO,  each  volley  being  fired  either  simultaneously, 
or  consecutively.  Where  there  is  a  natural  parting  in  the  heading,  advan- 
tage is,  of  course,  taken  of  this  in  the  location  of  the  shots. 

Figs.  14  and  15  show  two  arrangements  of  drill  holes  used  in  sinking  the 
Parker  shaft  at  Franklin  Furnace,  N.  J.  The  size  of  the  shaft  was  10  ft.  X 
20  ft.  in  the  rock.  At  first,  only  6'  cuts  were  put  in,  but  these  were  gradundly 
increased  until  11'  and  12^  cuts  were  pulled.  The  best  average  obtained  was 
66  ft.  ot  shaft  firom  6  consecutive  cuts. 
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The  number  of  coal-mining  machines  in  use  has  increased  rapidly  within 
a  very  short  time.  In  1896  there  were  1,446  in  use  in  the  United  States. 
Durinsf  1897  there  was  an  increase  of  542,  or  37.M,  while  the  average  yearly 
gain  from  1891  to  1896  was  only  about  22^.  The  total  tonnage  won  by 
machines  in  20  States  in  1897  was  22,649.220  short  tons,  or  16.17)(  of  the  total 
product  of  these  States,  and  15.3)(  of  the  total  bituminous  product  of  the 
United  States.  A  universal  mining  machine  has  not  yet  been  brought  out, 
and  one  of  the  principal  reasons  for  the  fiedlure  of  mining  machines  in  a 
number  of  instances  has  been  the  attempt  to  use  a  machine  under  condi- 
tions to  which  it  was  not  adapted.  When  a  mining  machine  is  designed  and 
built  to  suit  the  conditions  under  which  it  is  to  be  operated,  it  is  safe  to  say 
that  there  are  but  few  mines  in  which  thev  cannot  be  successftdly  ntilicea. 
They  are  of  partTcular  advantage  where  there  is  a  long  working  £&ce  and 
where  the  coal  is  over  3  ft.  in  thickness.  Low  seams  require  more  under- 
cutting for  the  given  output  than  high  seams.  As  a  rule  it  has  not  been 
found  economics  to  use  machines  in  seams  pitching  over  12^^  to  Ib^,  though 

Sick  machines  h^ve  been  used  in  mines  having  an  inclination  of  23°,  the 
ifficulty  b^ng'tbt  so  much  in  the  cutting  as  in  moving  the  machine  m>m 
place  to  place.     '^ 

There  are  four  eeneral  types  of  mining  machines  in  use;  pick  machines, 
chain-cutter  machines,  cutter-bar  machines,  and  longwall  machines.  The 
first  two  are  the  types  almost  universally  used  in  America.  Cutter-bar 
machines  have  almost  entirely  disappeared  firom  use  excepting  one  type 
which  is  at  present  used  in  Iowa.  Longwall  mining  machines  have  not 
been  verv  generally  adopted  in  America,  as  the  longwall  method  of  mining 
is  not  extensively  used. 

Both  compressed  air  and  electricity  are  used  for  operating  mining 
machines.  Pick  machines  driven  by  compressed  air  are  made  by  three 
separate  concerns.  Four  companies  make  electric  chain  machines  and  one  of 
these  four  is  also  making  a  compressed-air  chain  machine.  One  makes  a 
longwall  machine,  and  one  has  brought  out  a  pick  machine  for  electiio 
power. 

Pick  maohines  work  very  similarly  to  a  rock  drill.  They  can  be  used 
wherever  mining  machines  are  applicable,  and  their  particular  advantage  is 
that  they  are  more  perfectly  under  the  control  of  the  operator,  who  can  cut 
around  pyrites  and  similar  obstructions  without  cutting  them  with  the 
machine.    This  renders  such  a  machine  particularly  applicable  for  seams  of 
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coal  having  rolls  in  the  bottom  and  containing  pyrites  or  other  hard  impnri- 
lies.  They  are  also  applicable  for  working  pillars  on  which  there  is  a 
■quaeze,  as  they  are  light  and  can  be  easily  handled  and  readily  remoyed. 

Chain-outttr  michines  consist  of  a  low  metal  bed  frame  upon  which  is 
mounted  a  motor  that  rotates  a  chain  to  which  suitable  cutting  teeth  are 
attached.  To  operate  chain  machines  to  the  best  advantage,  the  coal  should 
be  comparatively  free  from  pyrites.  They  also  require  more  room  than  pick 
machines,  and  a  space  from  12  to  15  ft.  in  width  is  necessary  along  the  fiEU^e 
to  work  them  to  aavantage.  These  machines  have  proved  failures  In  some 
mines  on  account  of  the  Incessant  jarring  of  the  roof  by  the  rear  jack. 
Chain-cutter  machines  cannot  be  used  to  undercut  coal  when  a  squeeze  is 
upon  it.  Coal  seams  that  are  comparatively  level  and  free  from  pyrites  and 
have  a  comparatively  good  roof  can  undoubtedly  be  more  satisfactorily  and 
economically  cut  with  chain-cutter  machines  than  with  any  other  type. 

The  average  height  of  cut  is  4^  to  5  in.,  and  at  this  height,  the  chain- 
cutter  machines  makes  only  about  6M  as  much  small  coal  as  a  ^ck  machine. 
This  is  not  always  an  advantage,  as  ii  does  not  always  allow  sufficient  height 
for  the  coal  to  fall  down  after  the  cut  is  made.  In  a  SI'  seam,  3  men  are 
required  to  handle  the  machine  to  advantage. 

Shtarinf.— All  the  pick  machines  can  be  converted  into  shearing  machines 
and  can  be  used  for  longwall  work  by  using  a  longer  striking  arm  and  a 
longer  supply  hose.  The  chain  machines  are  used  to  do  sheanng  work  by 
ha'nng  the  cutting  parts  turned  vertically. 

Capacity.— The  average  producing  capacity  of  each  mining  machine  used 
in  the  United  States  was  11,398  tons  in  1891, 11,373  tons  in  1896,  and  11,393 
tons  in  1897.  So  much  depends  on  the  local  conditions  that  it  is  almost 
impossible  to  give  specific  data  of  rates  of  working  and  costs,  but  the 
following  are  fur  working  approximations. 

A  good  pick  machine  will  undercut  450  sq.  ft.  in  10  hours,  while  an  ordi- 
nary miner  will  undercut  120  sq .  ft.  in  the  same  time.  In  a  seam  varying  from 
4i  to  6  ft.  in  thickness,  the  machine  will  undercut  from  50  to  100  tons  of  coal 
in  10  hours.  The  cost  of  undercutting  under  these  conditions  has  been  given 
as  approximately  10  cents  per  ton.  Extraordinary  records  show  1,400  sq.  ft. 
to  have  been  cut  in  9  hours  in  Western  Pennsylvania,  and  in  an  8^  seam, 
*240  tons  have  been  undercut  in  a  shift  of  10  hours. 

A  good  chain  cutter  will  make  from  30  to  45  cuts,  44  in.  wide  and  6  ft. 
deep,  in  10  hours  under  moderately  fair  conditions,  while  in  high  seams 
two  men  handling  the  same  machine  under  ordinary  conditions  can  make 
60  cuts  per  shift,  and  under  particularly  favorable  conditions,  80  to  120  cuts 
per  shift. 
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This  subject  is  divided  naturally  into  (a)  ^Bsea  occurring  in  workings, 
explosive  conditions,  quantity  of  air,  distribution  of  air,  and  (6)  ventilating 
methods  and  machinery.  

THB  ATMOSPHERE. 

Composition.— Air  consists  chiefly  of  oxygen  and  nitrogen,  with  small  and 
varying  amounts  of  carbonic-acid  gas,  ammonia  ffas,  and  aqueous  vapor. 
These  gases  are  not  chemically  combined,  but  exist  In  a  free  state  in  uniform 
proporaon,  as  follows: 

By  Volume.  By  Weight. 

Nitrosren ^ 79.3  77.0 

Oxygen  20.7  23.0 

100.0  100.0 

Wherever  air  is  found,  its  composition  is  practically  the  same. 

Waigiit— The  weight  of  1  cu.  ft.  of  air  at  32°  F.  and  under  a  barometric 
pressure  of  80  in.  is  .080975  lb.  Air  decreases  in  weight  per  cubic  foot  as  we 
ascend  in  the  atmosphere,  and  increases  as  we  descend  below  the  surface 
of  the  eart^ 
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barometric  pressure 


The  weight  of  1  cu.  ft.  of  dry  air  at  any  temperature  and  barometric 
pressure  is  found  by  means  of  the  formula 

1.3253  X  B 

in  which   w  =  weight  of  1  cu.  ft.  of  dry  air;  B  » 
(inches  of  mercury);  t  —  temperature  (degrees  F.). 

The  constant  1.3253  is  the  weight  in  pounds  avoirdupois  of    459  cu.  ft.  of 
dry  air  at  a  temperature  of  1°  F.  and  1  in.  barometric  pressure. 

Example.— Mnd  the  weight  of  1  cu.  ft.  of  dry  air  at  a  temperature  of 
60^  F.  and  a  barometric  pressure  of  30  in. 

1.3253  X  30        ^^^  ,, 

^^    459  +  60    '-'^^^^' 

Table  of  Weight  of  Dby  Aib. 

Weight  of  1  cu.  ft.  of  dry  air  at  different  temperatures  and  barometric 

pressures,  as  calculated  by  the  formula  w  —     ^^     .   , 


Weight  of  1  Go.  Ft.  of  Dry  Air  (Lb.  Ayolrdrpots). 

Tempenitare. 

Degree!  F. 

t 

Barometer  (In.). 

Barometer  (In.)« 

Barometer  (In.). 

Barometer  <In.). 

B  =  27. 

-8  =  28. 

A  =  29. 

A  =  80. 

0 

.07796 

.08065 

.08373 

.08662 

,  5 

.07718 

.08002 

.08285 

.08569 

10 

.07631 

.07914 

.08196 

.08478 

15 

.07560 

.07830 

.08109 

.08388 

20 

.07470 

.07747 

.08023 

.08300 

25 

.07393 

.07667 

.07941 

.08215 

SO 

.07318 

.07589 

.07860 

.08131 

82 

.07288 

.07558 

.07828 

.08098 

85 

.07244 

.07612 

.07780 

.08048 

40 

.07171 

.07435 

.07701 

.07967 

45 

.07099 

.07362 

.07625 

.07888 

60 

.07031 

.07291 

.07551 

.07811 

65 

.06961 

.07219 

.07477 

.07735 

eo 

.06895 

.07150 

.07405 

.07660 

65 

.06828 

.07081 

.07324 

.07587 

70 

.06766 

.07016 

.07266 

.07616 

75 

.06701 

.06949 

.07197 

.07446 

80 

.06648 

.06884 

.07130 

.07376 

85 

.06576 

.06820 

.07064  ■ 

.07806 

90 

.06519 

.06760 

.07001 

.072^ 

95 

.06490 

.06699 

.06938 

.07177 

100 

.06401 

.06638 

.06875 

.07112 

110 

.06288 

.06521 

.06754 

.00987 

120 

.06180 

.06409 

.06638 

.06867 

130 

.06075 

.06300 

.06525 

.06750 

140 

.05974 

.06195 

.06416 

.06637 « 

150 

.05874 

.06092 

.06310 

.06628 

160 

.05781 

.05995 

.06209 

.06428 

170 

.06688 

.05899 

.06110 

.06821 

180 

.05601 

.05808 

.06015 

Mm> 

190 

.05514 

.05718 

.05922 

.06126 

200 

.05430 

.05631 

.05832 

X)6Q68 

220 

.05271 

.05466 

.05661 

.06866 

240 

.05119 

.05309 

.05498 

.06688 

260 

.04978 

.05162 

.05346 

.06680 

280 

.04840 

.05020 

.05200 

300 

.04714 

.04888 

.05063 

.06288 

350 

.04423 

.04587 

.04751 

.0lit5 

400 

.04166 

.04321 

.04475 

.04029 

TBE  BJLEOMETEE,  389 

Atmotphtrle  PrttMrt .— The  tstm  harometric  pretmi/re  is  the  preomre  cauied 
by  the  weight  of  the  atmoiphere  above  a  given  point.  It  is  measured  by  the 
barometer,  and  this  gives  rise  to  the  synonymous  term  hwometric  preatwrt. 
Atmospheric  pressure  is  usually  stated  in  pounds  per  square  inch,  while 
barometric  pressure  is  stated  in  Inches  of  mercury.  Thus,  at  sea  level,  the 
atmospheric  pressure  under  normal  conditions  oi  the  atmosphere  is  li.7  lb« 
per  sq.  in.,  while  the  barometric  pressure  at  the  same  level  is  SO  in.  of 
mercury  column,  or  simplv  80  in. 

Barometric  Variationt.~The  pressure  of  the  atmosphere  is  not  constant,  but 
is  subject  to  fluctuations  depending  on  the  condition  of  the  atmosphere. 
Besides  these,  there  are  fluctuations  that  are  more  or  less  regular  and  are 
called  ha/rcmeMc  variaHona.  There  is  both  a  yearly  and  a  diurnal,  or  daily, 
variation.  Of  these  two,  the  more  important  ana  the  more  regular  is  the 
daily  variation,  in  which  the  barometer  attains  a  maximum  hdght  fh)m  9  to 
10  oxlock  A.  M.,  and  a  minimum  about  4  o'clock  p.  m.  Other  maximum  and 
minimum  readings  are  obtained  at  10  p.  m.  and  8  a.  m.,  respectively;  but. 
these  are  not  as  pronounced  as  those  occurring  in  the  daytime.  The  daily 
barometric  variations  ran^e  ih)m  .01  to  .08  in. 

Morcurlsl  Bsromatar.— This  barometer  is  often  called  the  ci$tem  barometer; 
or,  when  the  lower  end  of  the  tube  is  bent  upwards  instead  of  the  mouth  of 
the  tube  being  submerged  in  a  basin,  it  is  known  as  the  siphon  barometer. 
The  instrument  is  constructed  by  filling  a  glass  tube  3  ft.  long,  and  having  a 
bore  of  i  in.  diameter,  with  mercury,  wmch  is  boiled  to  dnve  off  theur. 
The  thumb  is  now  placed  tightly  over  the  oi)en  end,  the  tube  inverted,  and 
its  mouth  submerged  in  a  baon  of  mercury.  When  the  thumb  is  withdrawn, 
the  mercury  sinks  in  the  tube,  flowing  out  into  the  basin,  until  the  top  of 
the  mercury  column  is  about  30  in.  above  the  surface  of  the  mercury  in  the 
bcudn,  and  after  a  few  oscillations  above  and  below  tiiis  point,  comes  to  rest. 
The  vacuum  thus  left  in  the  tube  above  the  mercury  column  is  as  perfect 
a  vacuum  as  it  is  possible  to  form,  and  is  called  a  Tomcelli  voAiuum^^  uter  its 
discoverer.  There  being  evidently  no  pressure  in  the  tube  above  the 
mercury  column,  and  as  the  weight  of  this  column  standing  above  the  sur- 
fjEice  of  the  mercury  in  the  basin  is  supported  by  the  pressure  of  the  atmos- 
phere, it  is  the  exact  measure  of  the  pressure  of  the  atmosphere  on  the 
surface  of  the  mercury  in  the  basin.  If  the  experiment  is  performed  at  sea 
level,  the  height  of  the  mercury  will  be  found  to  average  about  30  in.,  at 
higher  elevaaonsit  is  less,  while  if  we  descend  deep  shafts  below  this  level, 
it  Is  greater.  Roughly  speaking,  an  allowance  of  l  in.  of  barometric  height 
is  made  for  each  900  ft.  of^ascent  or  descent  ftom  sea  level  (see  calculation  of 
barometric  elevations).  A  thermometer  is  attached  to  each  mercurial 
barometer  to  note  the  temperature  of  the  reading,  as  it  is  customary  in  all 
accurate  work  with  this  instrument  to  reduce  each  reading  to  an  equivalent 
reading  at  82^  F.,which  is  the  standard  temperature  for  barometric  readings. 
A  scale  is  provided  at  the  top  of  the  mercury  column  with  its  inches  so 
marked  upon  it  as  to  make  due  allowance  for  what  is  called  the  error  qf 
capacOy.  in  other  words,  ihe  inches  of  the  scale  are  longer  than  real 
Inches,  since  the  level  of  ihe  mercury  in  the  basin  rises  as  it  sinks  in  the  tube, 
and  vice  versa.  The  top  of  the  mercury  column  is  always  oval,  convex 
upwards,  owing  to  capillary  attraction,  and  the  scale  is  read  where  it  is 
tangent  to  this  convex  surfkce. 

Mioroid  taramatar.— This  is  a  more  portable  form  than  the  mercurial 
barometer.  It  consIstB  of  a  brass  box  resembling  a  steam-pressure  gauge, 
having  a  similar  dial  and  pointer,  the  dial,  however,  being  graduated  to 
read  inches,  corresponding  to  inches  of  mercury  column,  instead  of  reamng 
pounds,  as  in  a  pressure  ffauge.  Within  the  outer  case  is  a  delicate  brass 
tx>z  having  its  upper  and  lower  sides  corrugated,  which  causes  it  to  act  as  a 
bellOw&  moving  in  and  out  as  the  atmospheric  pressure  on  it  changes.  The 
air  wimin  the  l)ox  has  been  partially  exhaumed,  to  render  it  sensitive  to 
atmospheric  changes.  The  movement  of  the  upper  surface  of  the  box  is 
oommunicated  to  the  pointer  by  a  series  of  levers,  and  the  dial  is  graduated 
to  correspond  with  the  mercurial  barometer. 

Calovlation  of  Atmosphario  Prosaura.— The  weight  of  the  mercury  column 
of  the  barometer  is  the  exact  measure  of  the  pressure  of  the  atmosphere, 
since  it  is  the  downward  pressure  of  the  atmosphere  that  ffippons  the 
meroury  column,  area/or  area;  that  is  to  say,  the  pressure  of  the  asvaoqc>here 
on  1  sq.  in.  supports  a  column  of  mercury  whose  area  is  1  sq.  in.,  and  yrhoae 
height  is  such  that  the  weight  of  the  mercury  column  is  equal  to  the  wetotit 
of  me  atmospheric  column.    Hence,  since  1  cu.  in.  of  mercury  weighs  .49  lb., 
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fhe  atmospheric  preasare  that  sapports  90  in.  of  mercnrj  oolnmn  is  .49  X  80 
«  14.7  lb.  per  sq.  in.  In  like  manner,  the  atmospheric  pressure  correspond- 
Ing  to  any  neight  of  mercury  column  may  be  calculated.  It  will  be  observed 
that  the  sectional  size  of  the  mercury  column  is  not  important,  since  it  is 
supported  by  the  atmospheric  pressure  on  an  equal  area,  but  the  calculation 
of  pressure  is  based  on  i  sq .  in. 

Water  Column  Corresponoinf  to  Any  Moroary  Colamn.— The  density  of  mercury 
referred  to  water  is  practically  13.6;  hence,  the  height  of  a  water  column 
corresponding  to  a  given  mercury  column  is  18.6  times  the  height  of  the 
mercury  column.  For  example,  at  sea  level,  where  the  average  barometric 
pressure  is  30  in.  of  mercury,  the  height  of  water  column  that  the  atmos- 
pheric pressure  will  support  is  13.6  X  f|  =»  84  ft.  This  is  the  theoretical 
neight  to  which  it  is  possible  to  raise  water  by  means  of  a  suction  nump,  but 
thelength  of  the  suction  pipe  should  not  exceed  75^  or  80j(  of  the  theoretical 
-water  column. 

Ciloulition  of  Birometrlo  Elevitioni.— Such  elevations,  although  approxi- 
m  mate,  are  usefUl  for  many  purposes.    The  barometric  readings  are  lednced 

\  to  equivalent  readings  at  the  standard  temperature  of  82°  F.,  and  for  deter* 

n  minmg  difference  in  elevation,  the  readings  of  two  barometers  should  be 

r  j  taken,  if  possible,  at  the  same  time.    It  must  not  be  supposed,  however,  that 

I  the  barometer  always  reads  the  same  for  the  same  elevation  at  this  temi)era' 

ture.  The  temperature  of  the  atmosphere  has  indeed  very  little  effect  on 
the  atmospheric  pressure,  which  is  due  to  the  weight  of  air  above  the  point 
of  observation,  aerial  currents,  and  other  phenomena. 

In  the  more  accurate  determinations  of  vertical  height  or  elevation  by 
means  of  the  barometer,  the  following  formula  is  usually  employed: 


! 


R  =  reading  of  barometer  (Inches)  at  lower  station; 

r  =  reading  of  barometer  (inches)  at  higher  station; 

T  —  temperature  (F.)  at  lower  station; 

t  =s  temperature  (F.)  at  higher  station; 

H  =*  difference  of  level  in  feet  between  the  two  stationa. 


I  fl--66,300(logl2~logr)(n-^'). 

More  simply:         H  »  49.00o(|^;)  (l  +  ^), 

r49,000 (900  +  r+  <)  -f  900g1 
••    -'^  "■ ''[49,000(900+ 2*+ 0-900jd' 

Correotion  for  Temperiture.— Mercury  expands  about  .0001  of  its  volume 
for  each  degree  Fahrenheit.  To  reduce,  thetefore,  a  reading  at  any  tern* 
perature  to  the  corresponding  reading  at  the  standard  temperMure  of  82?  F., 
subtract  tv^  of  the  observed  height  for  each  degree  above  82°;  or,  If  the 
temperature  is  below  32°,add  ivivv  foi^  each  degree. 

Thus,  30.667  in.  at  62°  F.  is  equivalent  to  a  reading  of  80.555  in.  at  82°  F., 

en flo 

Since  30.667 -^^-^(30.667)  =  30.667 -.092  =  30.655  hi. 

Depth  of  Shifts.— The  barometer  is  often  employed  to  determine  the 
depth  of  a  shaft  or  the  depth  of  any  point  in  a  mine  below  a  corresponding 
point  on  the  surfieice.  The  aneroid  is  employed  for  this  work,  being  more 
portable.  Allowance  must  always  be  nutde  in  such  cases  for  the  venti- 
fating  pressure  of  the  mine.  A  simple  formula  often  used  for  sach  ci^ca- 
lations  is  the  following: 


J2'=65,000(l-JjV 


in  which  the  letters  stand  for  the  same  factors  as  designated  above. 

The  most  important  use  of  the  barometer  in  mining  practice,  howeyer,  is 
found  in  the  warning  that  it  gives  of  the  decrease  of  abnospherio  proasure, 
and  the  expansion  of  mine  gases  that  always  follows. 


^ 
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AU  matter  ezifts  in  one  of  three  fomuvaojid,  Uquid,  otgaaeoui,  aeoording  to 
the  predominanoeof  theattractiyeor  the  repnlslTe  forces  existing  between  the 
molecules.  For  example,  water  exists  as  loe,  or  in  a  solid  Ibrm,  when  the 
attractive  force  exceeds  the  repulsive  force  between  its  molecules.  As 
the  temperature  is  raised  or  heat  is  applied,  the  ice  assumes  the  liquid  form 
due  to  the  more  rapid  vibration  of  the  molecules  of  which  it  is  composed. 
In  other  words,  the  repulsive  force  existing  between  the  molecules  is 
increased,  and  tne  result  is  a  liquid.  If  we  still  Airther  raise  the  tempera- 
ture by  applying  more  heat,  the  vibration  of  the  molecules  becomes  vet 
more  rapid^  tne  repulsive  force  is  increased  between  the  molecules,  ana  a 
gas  or  vapor  called  steam  is  formed. 

An  atom  is  the  smallest  conceivable  division  of  matter. 

A  molecule  is  a  collection  of  two  or  more  atoms,  united  bv  affinity. 

The  atom  cannot  consist  of  more  than  one  element.  The  molecule  may 
be  either  simple  or  compound.  If  compound,  it  is  a  chemical  compound, 
its  atoms  being  chemically  united. 

Ckemiosl  Cosipounds.— A  chemical  compound  is  one  formed  by  the  union 
of  two  or  more  atoms  chemically,  such  atoms  uniting  always  in  fixed  or 
definite  proportions.  The  properties  of  a  chemical  compound  are  always 
the  same. 

MeohsnIosI  Mlxtare.— A  mechanical  mixture  is  composed  of  dilTerent  sub- 
stances that  are  not  chemically  united,  and  which  are  mixed  in  no  fixed 
proportion.  The  properties  of  a  mechanical  mixture  raesent  a  regular 
gradation  from  a  maximum  to  a  minimum  state.  Thus,  a  solution  of 
common  salt  NaCl  in  water  is  not  a  chemical  compound  of  salt  and  water, 
but  simply  a  mechanical  mixture  of  the  salt  in  the  water.  If  more  salt  is 
added  to  ue  water,  the  strength  of  the  mixture  or  the  brine  is  Increased; 
and  when  less  salt  is  present,  the  strength  is  less.  On  the  other  hand, 
salt  Itself  is  a  chemical  compound  formed  by  the  union  of  1  atom  of  sodium 
with  1  atom  of  chlorine,  the  two  atoms  being  bound  together  by  chemical 
affinity,  and  always  uniting  in  the  same  proportion,  1  atom  of  each,  to  form 
salt. 

The  air  that  we  breathe  is  a  mechanical  mixture  of  nitrogen  and  oxygen 
gases,  with  snuill  amounts  of  other  insredients.  The  nitrogen  and  oxvgen 
gases  fire  in  a  free  state:  that  Is  to  say,  they  are  not  combincMi  as  in  a  cnem- 
Ical  compound.  This  is  true,  although  tne  proportion  of  these  two  eases, 
oxygen  and  nitrogen.  In  the  atmospnere,  is  uniformly  in  the  ratio  of  say, 
1  YoTume  of  oxygen  to  4  of  nitrogen.  Firedamp  is  another  example  of  true 
mechanical  mixture,'  consisting  chiefly  of  a  mixture  of  marsh  gas  CH^  and 
air,  with  small  amounts  of  other  hydrocarbons  and  a  varying  amount  of 
carbonic-acid  gas,  which  is  always  present  in  firedamp.  These  gases  are  not 
combined  chemically,  but  are  mixed  in  varying  proportions. 

Atomlo  volume,  or  apec^  volume,  means  simply  rdattve  volume.  These 
terms  refer  to  the  relative  volume  of  gases  resulting  from  any  particular 
reaction.  By  means  of  the  laws  of  atomic  volume,  we  can  ascertain  the 
volumes  of  the  different  gases  resulting  from  any  particular  reaction.  The 
chemical  reaction  that  uikes  place  between  the  elements  constitnting 
the  different  gases  is  expressed  by  means  of  a  chemical  equation.  When 
we  have  expressed  such  reaction  by  a  chemical  equation,  we  can  then 
calculate  the  volumes  of  the  gases  formed,  with  respect  to  the  original 
volumes  of  the  gases  entering  Into  the  reaction.  It  must  be  observed,  now- 
ever,  that  the  atomic  volumes  express  merely  the  rdative  volumes  of  gases; 
or,  in  other  words,  the  ratio  of  the  volumes  of  gases  before  and  after  the 
reaction  takes  place. 

Lsws  of  Volume.— The  following  laws  of  volume  refer  to  gases  only,  and 
never  to  solids  or  liquids: 

^irsf.— Equal  volumes  of  all  gases,  under  the  same  conditions  of  tempera- 
ture and  pressure,  contain  the  same  number  of  molecules.  Hence,  the 
molecules  of  all  simple  gases  are  of  the  same  size. 

Seamd.— The  molecules  of  compound  gases,  under  like  conditions  of  tem- 
I>erature  and  pressure,  occupy  twice  the  volume  of  an  atom  of  hydrogen  gas. 

Th&re  are  very  few  exceptions  to  these  two  laws  of  gaseous  volume,  and 
the  exceptions  are  unimportant  so  far  as  mining  practice  is  concerned. 

An  dement  is  a  form  of  matter  that  Is  composed  wholly  of  like  atoms. 
Thus,  hydrogen,  oxygen,  iron,  copper,  gold,  and  silver  are  elements. 

pNoiIeal  lymbols  snd  Equotiens.— To  fiekcllltate  the  writing  of  chemical 


r 
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equatlonB  expiessiiig  fhe  reaction  that  takes  place  between  elements  under 
certain  conmtions,  it  is  usual  to  express  tne  elements  by  letters  called 
iymbolt.  These  symbols  stand  for  the  elements  that  they  represent,  and  are 
written  as  capital  letters,  except  where  two  letters  are  used  to  express  a 
symbol,  in  which  case  the  firm  letter  only  is  a  capital.  Thus,  C  is  the 
symbol  for  the  element  carbon,  but  Ou  is  the  symbol  for  copper  (cuprum) 
and  Co  is  the  symbol  for  cobalt.  It  is  Important  that  these  symbols  be 
l^rltten  exactly  in  this  manner;  otherwise  they  are  liaUe  to  be  firequently 
misconstrued.    For  example,  Co  stands  for  cobalt,  while  the  synubol  CO 

Table  of  Elements. 


Element. 


Aluminum  

Antimony  (stibium) 

Argon(?)  

Aiienic 

Barium ■ 

Beryllium 

Bismuth 

Boron .- 

Bromine 

Cadmium 

Csesium 

Calcium... 

Carbon  „ 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbium 

Copper  (cuprum) 

Diaymium   

Erbium(?) 

Fluorine 

Gallium 

Germanium 

Gold  (aurum) 

Helium(?) 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron  (ferrum) 

Lanthanum 

Lead  (plumbum) 

Lithium 

Magnesium 

Mercury    (hydrargy- 
rum)   


^ 


II 


Al 

27.6 

Sh 

120.0 

A 

A8 

75.0 

Ba 

187.0 

Be 

9.4 

Bi 

208.0 

B 

U.O 

Br 

80.0 

Cd 

112.0 

C9 

133.0 

Oa 

40.0 

C 

12.0 

Ce 

138.0 

CI 

35.5 

Or 

52.5 

Co 

59.0 

Cb 

93.7 

Ou 

63.0 

D 

147.0 

Er 

169.0 

F 

19.0 

Ga 

69.0 

Qe 

Au 

196.7 

He 

H 

1.0 

In 

113.4 

I 

127.0 

Ir 

193.0 

F^ 

56.0 

La 

139.0 

Fb 

207.0 

Li 

7.0 

Mg 

24.0 

Element. 


20D.O 


Manganese 

Molybdenum. 

Neodymium(?) , 

Nickel 

Niobium 

Nitrogen , 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum. 

Potassium  (kaUum) 
Praseodymium(7)  .. 

Rhodium 

Rubidium 

Ruthenium 

Samarium(?) 

Scandium 

Selenium , 

Silicon 

Silver  (argentum).. 
Sodium  (natrium)  .. 

Strontium 

Sulphur  , 

Tantalum  

Tellurium  

Thallium 

Thoriuin , 

Tin  (stannum) 

Titanium 

Tungsten  (wolfhtm) 

Uranium 

Vanadium 

Ytterbium 

Yttrium 

Zinc  

Zirconium 


s 


Jfn 

Mo 

m 

Ni 

m 

N 

08 

o 

Fd 

F 

Ft 

K 

Fr 

Eh 

Sb 

Eu 

Sa 

Se 

8e 

8i 

aS 

fir 

8 

7b 

Te 

Tl 

Th 

aik 

Ti 

W 

U 

V 

Yb 

Y 

Zn 

Zr 


1§ 
II 


55.0 
96.0 

58.8 
94.0 
14.0 

191.0 
16.0 

106.5 
31.0 

197.0 
39.0 

104.0 

85.0 

104.0 


79.0 

28.0 

108.0 

28.0 

87.6 

32.0 

182.0 

127.0 

205.0 

281.6 

108.0 

48.0 

184.0 

240.0 

5L2 

89.0 
66.0 
90.0 


Stands  for  carbonic-oxide  gas,  which  is  a  tshemlcal  compound  composed  of 
two  elements,  carbon  and  oxygen.  v  i     *  ,*     ,         ^       ^ 

A  molecule  is  expressed  by  writing  the  symbols  of  its  elementary  atoms. 
Where  more  than  1  atom  of  a  substance  or  element  enters  into  the  compo- 
sition of  a  molecule,  the  nimiber  of  atoms  of  such  element  is  expressed  by  a 
small  subscript  letter  written  immediately  after  the  svmbol  of  the  element 
Thus,  carbonic-acid  gas  is  composed  of  1  atom  of  carbon  chemically  united 
with  2  atoms  of  oxygen,  and  is  expressed  by  the  symbol  CtV  Where  the 
symbol  is  written  without  such  subscript  figure,  1  atom  only  is  meant 
rrhus,  carbonic-oxide  gas  being  composed  of  1  atom  of  carbon  ehemically 
inited  to  1  atom  of  oxygen,  is  expressed  by  the  symbol  CO. 
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A  Uiige  figure  written  before  the  lymbolB  expreoing  the  molecule  indi- 
catea  the  number  of  molecules  entering  into  the  reaction.  A  large  figure  if 
sometimes  used  before  the  symbol  of  a  angle  element  to  indicate  the  number 
of  atoms  of  that  element  that  enter  the  reaction.  In  any  reaction  occurring 
between  atoms  of  matter,  no  matter  is  destroyed.  In  any  reaction,  there 
are  always  the  same  number  of  atoms  after  the  reaction  as  before  the 
reaction  took  place.  A  chemical  equation  is  therefore  an  expression  of 
equality  between  the  atoms  before  and  after  a  reaction  takes  place.  The 
fast  member  of  the  equation  contains  the  substances  that  act  upon  each 
other,  while  the  second  member  of  the  equation  contains  the  substances 
that  are  formed  by  the  reaction.  The  number  of  atoms  is  the  same  in  each 
member  of  the  equation. 

Example.— To  express  the  reaction  that  takes  place  when  carbonic- 
oxide  gas  bums  in  tne  air  to  produce  carbonic-acia  gas,  we  write 

CO  f  0  4-  4iV^  =  COi  +  iN 

In  this  equation,  each  molecule  of  carbonic-oxide  gas  CO  takes  up  1  atom 
of  the  tree  oxygen  of  the  atmosphere  to  form  carbonic-acid  gas  COt.  The 
nitrogen  in  the  atmosphere  bein^  4  times  the  volume  of  oxygen,  is  expressed 
as  4  atoms  in  the  equation.  Tms  nitrogen,  however,  remains  inactive,  and 
takes  no  part  in  the  reaction.  It  is  written  on  both  sides  of  the  equation  for 
the  purpose  of  determining  the  atomic  volumes  of  the  gases  before  and  after 
the  reaction,  as  explained  oelow. 

The  reaction  for  an  explosion  of  firedamp  is 

CHi  +  40  4-  WN  =  COt  +  2HiO  +  16iV 

In  this  equation,  each  molecule  of  marsh  gas  CHa  is  dissociated;  that  is 
to  say,  its  atoms  are  separated.  The  atom  of  carbon  in  the  molecule  unites 
with  2  atoms  of  the  oxy&:en  of  the  air  to  form  carbonic-acid  gas  COt.  The 
4  atoms  of  hydrogen,  in  like  manner,  combine  with  two  atoms  of  oxygen  in 
the  air  to  form  2  molecules  of  water  or  steam  2  (HtO),  or  2HtO.  The  nitro- 
gen in  this  equation  is  equal  to  4  times  the  volume  of  tne  oxy&^en  consumed, 
and  is  thereiore  written  as  16N,  since  a  total  of  4  atoms  of  oxygen  have 
been  used.  The  nitrogen  is'  however  inert,  and  plays  no  part  in  the  reac- 
tion itself,  but  is  written  here  on  both  sides  of  the  equation,  as  in  the 
Srevious  equation,  in  order  to  properly  represent  the  atomic  volumes  of 
lie  gases  or  their  relative  volumes  before  ana  after  the  reaction  takes  place. 

Ciloalition  of  the  Relitive  Volumes  of  Gises.— To  calculate  the  relative 
volumes  of  the  gases  before  and  after  the  reactions  expressed  in  each  of  the 
equations  given  in  the  preceding  paragraphs,  write  beneath  the  symbol 
01  each  molecule  or  atom  its  atomic  volume.  In  the  chemical  equation 
expresdng  the  reaction  that  takes  place  when  carbonic-oxide  gas  CO  bums 
to  carbonTc-acid  gas  COt,  we  have  as  follows: 

CO+0  +  42V^=  00,+  ly 

Atomic  volumes,  2-1-1+4=2  +   4 

or,  in  this  reaction,  7  volumes  have  been  reduced  to  6  volumes.  Such  a 
change  of  volume  often  takes  place  in  chemical  reactions.  All  att^npts  to 
explun  the  cause  of  this  change  of  volume,  however,  have  thus  far  failed; 
but  that  the  change  of  volume  does  take  place  has  been  demonstrate  by  a 
large  number  of  experiments. 

To  calculate  the  volume  of  air  consumed  in  the  complete  explosion  of 

100  cu.  ft.  of  carbonic-oxide  gas  CO,  we  write  the  ratio  of  the  relative  volume 

of  carbonic-oxide  gas  and  air,  which  is  2  :  (1  +  4),  or  2  :  5;  and  to  obtain  the 

actual  volume  of  air  consumed  in  the  explosion  of  100  cu.  ft.  of  carbonic- 

5  X 100 
oxide  gas,  we  write  the  proportion  2 : 5 : :  100 : 2,  or  a;  =  —^ —  =  250  cu.  ft. 

To  find  the  volume  of  carbonic-acid  gas  COt  produced  in  the  complete 
explosion  of  100  cu.  ft.  of  carbonic-oxide  gas  00,  write  the  ratio  of  the  atomic 
vorames  of  these  two  gases  2  :  2,  which  shows  no  change  of  volume,  and, 
therefore,  the  volume  of  carbonic-acid  gas  COt  produced  will  be  the  same  as 
the  volume  of  carbonic-oxide  gas  CO  burned. 

To  find  the  volume  of  air  consumed  in  the  complete  explosion  of  100 
cu.  ft.  of  m£ureh  gas  CH^,  write  the  equation  expresang  the  reaction  that 
takes  place  in  this  explosion  as  given  above, 

Cfli  +  40  +  16iV^  =002  +  2HtO  +  16N 

Atomic  volumes,  2     +   4  +   16  =    2     +      4+16 

There  is  no  change  of  volume  caused  by  the  explosion,  since  22  volumes 
on  one  side  of  the  equation  produce,  likewise,  22  volumes  on  the  other  side; 
or  22  volumes  before  the  explosion  produce  22  volumes  after  the  explosion. 
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To  find  the  Toliunfl  of  &lr  CDnsamed,  we  wilte  the  i&tio  of  the  atmnic 
voluineB  of  maiah  g&s  and  air  2  ^  (4  4- 16),  or  2  ;  20.  or  1  :  10:  that  1b  Io 
Ba;,  roughly  epeaUng,  the  amount  of  all  conmuued  lu  the  complete  eiplo- 
iloii  of  nmrah  g&a  is  10  tlmee  (he  volnme  of  the  manh  gas,  Thjs  is  not  exact, 
however,  as  the  volume  of  nltroeen  In  the  air  la  £.SS  times  the  volume  of 
oiyeeo.  Haking  this  correcdOD,  the  volume  of  ali  consumed  In  the  complete 
exuoslon  of  manh  gas  Is  9.fifi  times  the  volume  of  the  gas. 

To  determine  the  percentage  of  pure  marsh  gas  in  the  above  firedamp 
mliture  (manh  gas  and  air),  we  write  the  ratio  of  the  atomic  volumes  t» 
tbew  two,  a  :  (2  +  1  +  15,32),  or  1 :  10.66;  and  j^  X  lOO  -  0^  of  COt, 

The  volume  of  caibonic-acld  gaa  formed  in  this  reaction  la  equal  to  the 
volume  of  nwrah  gai  consumed,  and  the  volume  of  watery  vapor  Is  double 
the  volume  of  mareb  gaa  consumed;  the  total  volume  of  gas  and  vapor 
Ibnned  br  the  reaction  u  the  same  as  the  original  volume  of  manh  gaa  and 
air,  or  Oradamp  mixture,  since  the  sum  of  the  atomic  volnmes  on  each  aide 
of  the  equalian  ia  the  same. 

JUomls  wsifht  Is  the  relative  weight  of  an  atom  of  an  element  compared 
With  an  atom  of  hydrogen.  Atomic  weight  ip,  then,  not  an  absolute  weight 
to  be  eipressed  In  pounds,  ounces,  or  any  other  denomination,  but  la  simply 
nlofiM  weight  The  atomic  weight  of  each  of  the  elements  is  given  in  Che 
table  on  page  342. 

Holeculs^  weight  ia  the  sum  of  the  atomic  welghtB  of  the  elements  forming 

*ie  molecule,  talung  the  atomic  weight  of  each  element  u  many  Umes  as 

.1^.^  _, ._  I,. , — ■_     J  molecule  of  water  is 


1  and  that  of  carbon  12.  the  moleoulaT  weight  of  manh 

I-  16. 

a  gas  la  the  weight  of  any  volume  compared  with  the 

une  volume  of  hydrogen  or  some  other  slandard.    The 

aenaiiy  ui  h  tjiw  l9  conatant  at  all  temperatures  and  pressurea.  the  change 

of  temperature  and  pressure  affecting  the  gaa  in  quesdon  and  the  standard 

alike.    The  denilly  of  air  referred  lobydiogeii  tsl4.S3. 

(a)  The  dmeitv  t^  anv  ttatpte  gat,  nierred  to  hydrogen  at  ttnUv,  it  tt/iml  to 
ill  atomic  weiglit.    (6)  The  daiMp  qf  tan/  eanpound  gat,  nferrtd  to  htfltrogat 


Spaslflo  BrivlU  of  etitt.— The  spef^c  gravity  of  a  gas  is  the  weight  ol 


L  other  worda.  the  ra 

!e  the  weightof  Icu.fl.  of"  air"  at  a  Kimpeiitiire  of  flO°"i'."and  aoTn! 


weight. 


air,  both  theaii  and  gaa  being  aubject 

Thug,ilncetheweightof  leu.  ft.  of  ai , _.. 

barometric  pressure  la  .0766  lb.,  and  the  weight  of  1  cu.  ft.  of  carbonic-acid 
gas  COi  la  .IITIZ  lb.  at  the  same  teuperature  and  pressure,  the  apeclflo 
gravity  of  carbonlo-acld  gas  is  '  =-  1,629. 

Wtlfht  of  fliaai.— The  weight  of  1  cu.  ft.  of  any  gaa  at  any  glveD  tempoa- 
tdre  and  pressure  la  fbund  by  first  calculating  the  weight  of  1  en.  ft.  of  dry 
air  at  the  same  temperature  and  pressure  by  meana  of  the  thnnula  givmi  on 
page  33K  for  air.  and  then  multiplying  tbia  weight  by  the  spedHc  gntvity  ri 
the  gaa  refterred  to  ali  as  a  standard. 

EiAHFLi,— To  determine  the  weightof  1  cu.  ft.  ot  carbonio^cld  gasata 
temperature  of  60°  F.,  and  90  In,  barometric  preature,   we  multiply  the 


,_  ,. . =— *  expand  uniformly  at  the 

■une  raw.  lite  expanslan  and  contractloD  of  air  and  gases  follow  two 
rimple  law*  that  we  will  consider  under  the  heads(a)  Ratio  of  volume  and 
abaolute  temperature  and  |b|  Ratio  of  volume  and  absolute jireaaure. 

Mselul*  tampiralara  meana  the  temperature  aa  reckoned  from  abaolute 
sero,  which  is  the  point  on  the  temperature  scale  below  which  it  is  asnuned 
(hat  no  Bubstance  can  exist  lu  a  gaseoas  atate.   The  absolute  lero  of  ihs 


Fahrenheit  scale  is  assumed  in  mining  practice  as  459^  below  zero.  Hence, 
the  absolute  temperature  corresponding  to  any  common  temperature  is 
found  by  adding  459°  to  the  common  temperature.  Thus,  the  absolute 
temperature  corresponding  to60°F.  18459  +  60  =  519®. 

Absolute  Pressure.— The  term  absolute  pressure  refers  to  the  total  pressure 
supported  by  air  or  gas;  L  e.,  the  pressure  above  a  vacuum.  Qauqe  pressure 
is  tne  pressure  above  the  atmosphere.  Absolute  pressure  is  always  the 
atmospheric  pressure  plus  the  gauge  pressure.  If  a  gauge  pressure  on  a 
boiler  indicates  60  lb.  per  sq.  in.,  the  absolute  pressure  supported  by  the 
steam  in  the  boiler  will  be  60  + 14.7  =  74.7  lb.  per  sq.  in.  Or,  if  the  ventila- 
ting pressure  in  a  mine  is  equal  to  13  lb.  per  sq.  ft.,  the  absolute  pressure 
supported  by  the  air  in  the  airways  will  be  13  +  (14.7  X 144)  »  2,129.8  lb. 
per  sq.ft. 

Rerstion  ef  Volume  end  Absolute  Tempersture  {Cfutrles'  or  Oay  Lussac*s law). 
The  volvme  of  any  air  or  gas  varies  directly  as  its  absolute  temperature. 

Relstion  of  Voiums  snd  Absolute  Pressure  {Boyle's  or  Mariotte*s  law).— The 
volume  of  any  air  or  pas  varies  inversely  as  the  absolute  pressure  it  supports. 
For  example,  tf  we  double  the  absolute  pressure  supported  by  air  or  gas, 
the  volume  of  the  air  or  gas  will  be  reduced  to  one-half  its  original  volume; 
if  we  multiply  the  absolute  pressure  3  times,  we  reduce  the  volume  to  one- 
third  the  original  volume;  etc. 

Example.— The  intake  current  of  a  mine  is  50,000  on.  ft.  of  air  per  minute; 
the  ventilating  pressure  is  13  lb.  per  sq.  ft.  The  temperature  of  the  intake  is 
20°  F.;  the  temperature  of  the  return  air  is  70°  F.  Calculate  the  volume  of 
the  return  air-current  per  minute,  according  to  the  rules  of  expansion  of  air, 
due  to  the  increase  of  temperature  and  decrease  of  pressure,  in  the  return 
current. 

The  increased  volume  of  the  return  air,  due  to  the  decrease  of  pressure 
and  increase  of  temperature,  is  found  by  writing  a  compound  proportion, 
the  first  member  of  which  consists  of  two  ratios,  viz.,  the  direct  ratio  of  the 
absolute  temperatures,  and  the  inverse  ratio  of  the  absolute  pressures,  accord- 
ing  to  the  two  laws  stated  above.    That  is,  we  write 


(459  +  20)  :  (459  +  70))  ..fioooo- a. 
2416.8     :     2,129.8    /  *  *  *»"""  '  *• 


^                       ^        529  X  2,129.8  X  50.000       ee  rr«  ^  ^ 
Or,  «  = 4795^2016:8 66,568cu.ft. 

Example.— In  a  compressed-air  plant,  the  gauge  shows  a  pressure  of  80  lb. 
per  sq.  in.;  the  area  of  the  piston  is  20  sq.  in.,  and  its  stroke  10  in.  The  pump 
makes  100  strokes  per  minute.  Assuming  there  is  no  leakage  of  air  past  the 
piston,  what  will  be  the  volume  of  air  discharged  from  the  pump  into  the 
mine  per  minute? 

The  volume  of  air  discharged  from  the  pump  cylinder  per  minute 

20  V  10  ^  100 
""  —  1  7«^ "  ^^'^"^  *^'  ^-  (cylinder  pressure).    The  absolute  pressure 

on  the  &  in  the  cylinder  is  80  + 14.7  =  94.7  lb.    The  absolute  pressure  on 

the  discharged  air  is  simply  the  atmospheric  pressure  (14.7  lb.).    Hence,  we 

94  7 
write  the  proportion  14.7  :  94.7 : :  11.67  :  x\  or,  x  «=  rj^s  X  11.67  —  74.64  cu.  ft. 

per  minute,  nearly. 

In  calculating  the  expanded  volume  of  air  or  gas,  it  will  be  observed  that 
the  ratio  of  the  original  volume  to  the  expanded  volume  is  always  equal  to 
the  product  of  the  direct  ratio  of  the  absolute  temperatures  uid  the  inverse 
ratio  of  the  absolute  pressures,  which  gives  a  compound  proportion,  the  first 
member  of  which  consists  of  two  ratios,  the  one  a  direct  ratio  and  the  other 
an  inverse  ratio. 

Weight  Produces  Pressure.— In  the  study  of  the  barometer  as  a  means  of 
measuring  atmospheric  pressure,  we  observe  that  the  weight  of  the  atmos- 

Shere  prc^uced  the  atmospheric  pressure.    In  like  manner,  the  weight  of  all 
uids  produces  pressure,  and  this  pressure  acts  equally  in  all  directions.  % 

This  is  an  important  consideration  in  the  studv  of  mine  ventilation,  since  it  lC 

has  given  rise  to  the  measurement  of  pressure  by  air  or  motive  columns.  \ 

Cslcnistlon  of  Pressure.— An  air  column,  or  motive  column,  in  ventilation.  'i 

is  a  column  of  air  having  a  base  of  1  sq.  ft.,  and  of  such  height  that  its  weight  1 

shall  be  equal  to  any  given  pressure.    To  calculate  the  height  of  air  column  > 

corresponoing  to  any  given  pressure,  divide  the  pressure  in  pounds  per  ^k 

flquare  foot  by  the  wSght  of  1  cu.  ft.  of  the  air.    Mine  pressure  is  also         ^^H 


r 
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measdred  by  the  water  column  that  it  will  support,  as  in  the  water  gauge,  or  by 
the  mercury  column,  as  in  the  barometer,  in  the  measurement  of  pressure 
by  means  of  the  water  column,  the  weight  of  the  water  column  must  be 
equal  to  the  pressure,  area /or  area. 

Since  the  wd^ghts  of  these  columns  are  proix>rtional  to  their  sectional  areas, 
it  makes  no  difference  what  this  area  may  be.  the  weight  of  the  column 

calculated  for  a  sectional  area  of  1  sq.  in.  will 
,^1  ji   equal  the  pressure  per  square  inch  that  supports 

^jj^  y^     the  same. 

f^        /^  Hence,  since  1  cu.  in.  of  mercury  weighs  .49  lb., 

.49  X  90  =  14.7  lb.  is  the  atmospheric  pressure 
corresponding  to  a  height  of  30  in.  of  mercury,  or, 
as  we  say,  30  m.  of  barometer.  If  we  consiaer  a 
cubical  box,  as  shown  in  the  accompanying 
figure,  holding  exactly  1  cu.  ft.  of  water,  ana 
assume  the  weight  of  the  water  to  be  62.6  lb., 
as  is  usual  in  practice,  and  divide  the  bottom  of 
the  box  into  144  sq.  in.,  as  shown  in  Fig.  1,  we 
observe: 

Fig.  1.  (a)    The  pressure  of  the  water  on  the  bottom 

of  the  box  is  equal  to  the  weight  of  the  water, 
62.5  lb.;  that  is  to  say,  the  pressure  per  square  Joot  due  to  IjLqf  toater  column 
U  6t.6  lb. 

(b)  The  pressure  on  the  bottom  of  the  box,  when  the  water  is  only 
1  in.  deep,  is  equal  to  the  weight  of  a  layer  of  water  1  in.  thick,  or 

fi2  & 

-r^  a  5.2  lb.;  or,  the  pressure  per  square  foot  due  to  1  in,  qf  voter  eoltann 

U  5.t  lb. 

(c)  The  pressure  per  square  inch  on  the  bottom  of  the  box  is  equal  to 

the  weight  of  a  prism  of  water  1  ft.  high,  and  having  a  base  of  1  sq.  in. 

62  5 

•—■  =*  .434;  or,  the  pressure  per  square  inch  due  tolft.qf  water  column  is  JiSU  lb. 

These  principles  relating  to  the  pressure  of  fluids  are  important  to  the 
student  of  mining,  of  which  the  following  are  examples: 

1.  In  a  mountainous  country,  several  thousand  feet  above  sea  level, 
where  the  barometer  registers,  say,  only  21  in.,  it  is  desired  to  know  the 
theoretical  height  a  pump  will  curaw.     .49  X  21  =*  10.29  lb.  atmospheric 

pressure,  and-^j-  =  24  ft.,  nearly.  The  theoretical  suction,  in  this  instance, 

is  24  ft.,  nearly,  but  the  actual  draft  or  suction  would  vary  from  f  to  |  of 
this,  according  to  the  perfection  of  the  pump. 

2.  The  water-gauge  reading  between  the  intake  and  return  airways  of  a 
certcdn  mine  is  2.5  in.;  to  determine  the  pressure  per  square  foot,  we  have, 
2.6  X  5.2  =  13  lb.  per  sq.  ft. 

8.  To  determine  the  pressure  per  square  foot  on  a  mine  dam,  due  to  a 
vertical  head  of  200  ft.,  62.5  X  200  =  12.500  lb. 

4.  To  express  in  air  column  or  motive  column,  a  mine  pressure  equivalent 
to  a  water-gauge  reading  of  3  in.,  assuming  the  temperature  of  the  atr  to  be 
60°  F.  and  the  barometric  pressure  30  in.,  we  have  for  the  weight  of  1  cu.  ft. 

1 3253  X  30 
of  air  at  this  temperature  and  pressure  w  =    '       /\-    ■»  .0766  lb.    The 

pressure  per  square  foot  due  to  3  in.  of  water  gauge  is  3  X  6  Ji  »  16.6.    Then, 

15  6 
we  have  for  motive  column,  m  =  -~z  =  204  ft. 

.0700 

Diffusion  and  Transpirition  of  Gisoi.—Diffkision  of  gases  means  the  mixing 
of  the  gaseous  volumes.  Graham  took  several  glass  tubes,  and  inserting  in 
one  ena  of  each  a  plug  of  plaster  of  Paris  that  was  porous,  he  filled  each 
tube  with  a  different  gas;  as  for  example,  oxygen,  hydroaren,  nitrogen*  etc. 
He  then  placed  the  open  end  of  each  invertea  tube  in  a  oasin  of  mercurv, 
supporting  the  tubes  in  an  erect  position.  The  gas  in  each  tube  Immem- 
ately  began  to  difftise  through  the  porous  plaster  plug  into  the  atmosphere, 
and  it  was  observed  that  the  mercury  rose  in  each  tube  to  take  the  place  of 
the  gas  that  passed  into  the  atmosphere.  The  mercury  rose  in  the  hvdrogra 
tube  4  times  as  fast  as  in  the  oxygen  tube,  and  in  the  other  tubes  the  mer^ 
curv  rose  at  different  rates. 

Rita  of  Diffusion  (Orahtm*t  Law).— The  rate  of  diffusion  of  gases  Into  air  ii 
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in  the  inverte  ratio  of  the  square  rooti  of  their  densities.  The  density  of 
oxygen  being  16  and  hydrogen  1,  the  rate  of  difftision  of  oxysen  as  compared 
with  hydrogen  is  1  to  4;  that  is  to  say,  the  rate  of  dlillision  or  oxygen  is  only 
one-fonrth  that  of  hydrogen. 

Tablb  Showing  the  Cobbbspokding  Mebcubt  Ain>  Aib  Colummb,  amd 

PBBSSUBS  fib  8<iUABB  FOOT  FOB  EACH  IMCH  OF  WaTBB  COLUMN. 


9 


5 

P 
$ 


1 

2 
8 

4 
6 


.0786 
.1471 
.2206 
.2941 
.8676 


IPQ 


I 


68 
136 
204 
272 
840 


6.2 
10.4 
16.6 
20.8 
26.0 


6 
7 
8 
9 
10 


.4412 

.6147 
.6882 
.6618 
.7868 


407 
476 
648 
611 
679 


81.2 
86.4 
41.6 
46.8 
62.0 


Table  Showing  the  Cobbbspondino  Wateb  Golxtmn,  and  Pbessubb  pbb 
Sqtjabe  Foot  fob  Each  Inch  of  Mebcubt  Column. 


Barometer. 

Water  Colnnm. 

PreMore. 

Barometer. 

Water  Golamn. 

Presmire. 

jBohes. 

Feet. 

Lb.  per  Bq.  In. 

Inehei. 

Feet. 

Lb.  per  8q.  In. 

1 

1.18 

.49 

16 

18.13 

7.84 

2 

2.27 

.96 

17 

19.27 

8.38 

8 

8.40 

1.47 

18 

20.40 

8.82 

4 

4.64 

1.96 

19 

21.53 

9.31 

6 

5.67 

2.45 

20 

22.67 

9.80 

6 

6.80 

2.94 

21 

23.80 

10.2^ 

7 

7.93 

8.43 

22 

24.93 

10.78 

8 

9.06 

8.92 

28 

26.07 

11.27 

9 

10.20 

4.41 

24 

27.20 

11.76 

10 

11.83 

4.90 

25 

28.88 

12.25 

11 

12.46 

6.89 

26 

29.47 

12.74 

12 

18.60 

6.88 

27 

80.60 

13.28 

18 

14.78 

6.37 

28 

31.73 

13.72 

14 

15.87 

6.86 

29 

32.87 

14.21 

16 

17.00 

7.35 

80 

34.00 

14.70 

Note.— One  foot  of  water  column  is  equivalent  to  a  pressure  of  .434  lb.  per 
sq.  in.  The  weight  of  air  at  60°  F.,  barometer  30  in.,  is  ^  the  weight  of 
water;  but  the  ratio  of  air  to  water  is  often  assumed  as  1.2 :  LOOO,  for  quick 
calculation.  The  specific  gravity  of  mercury  at  WP  F.  (standard  tempera- 
ture for  barometric  readings)  is  13.62;  and  a  cubic  foot  of  mercury  at  this 
temperature  weighs  849  lb.  For  ordinary  calculation,  the  weight  of  1  cu.  ft. 
of  water  is  taken  as  62.6  lb.  The  exact  weight  of  1  cu.  ft.  of  pure  water,  at  a 
temperature  of  32°  F.,  is,  however,  62.418  lb. 

The  diffhrion  of  marsh  gas  (Sp.  Or.  .659)  is  much  more  rapid  than  that  of 
carbonic-acid  gas  (Bp.  Or.  1.529).  The  diffusion  of  gases,  however,  is  sreatly 
assisted  by  the  movement  of  the  air-current;  or  by  the  movement  of  uie  gas 
as  it  tends  to  rise  or  fall,  according  to  its  relative  denrity  and  position  in  the 
airway.  For  example,  suppose  a  gas  feeder  to  be  located  in  the  floor  of  an 
•airway.   The  marsh  gias  given  off  from  the  feeder,  being  lighter  than  air, 
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tends  to  rise  toward  the  roof.  The  action  of  rising  helps  a  dlfRislon  of  this 
gas  very  much.  On  the  other  hand,  a  feeder  located  in  the  roof  gives  off  the 
same  gas.  which  tends  to  accumulate  idong  the  roof,  and  if  the  air-current 
if  at  all  sluggish  at  this  point,  the  difitision  of  the  marsh  gas  will  be  compar- 
atively slow.  It  often  happens  that  a  feeder  in  the  roof  or  other  high  point 
of  the  workings  gives  ofiT  gas  more  quickly  than  diffusion  can  take  place, 
where  the  air-current  is  slumsh.  This  results  in  the  accumulation  of  a 
body  of  pure  marsh  gas  at  this  point.  In  like  manner,  we  often  have  an 
accumulation  of  a  lane  body  of  carbonic-acid  gas,  or  blackdamp,  near  the 
floor  or  other  low  place  in  the  mine  workings,  where  the  air-current  is 
sluggish  and  where  the  blackdamp  is  formed  quicker  than  diffusion  takes 
place. 

Limit  of  Olffotlon.— -The  diffusion  of  gases  continues  to  take  place  until  the 
mixture  of  the  gases  is  uniform.  It  Is  a  curious  fieict  that  this  takes  place 
earlier  or  quicker  in  the  case  of  gases  whose  densities  differ  widely,  than  where 
the  densities  of  the  two  gases  are  nearly  alike.  Thus,  saturation  will  take 
place  more  quickly  in  the  diffusion  of  carbonic-acid  gas  into  air  than  in  the 
diffusion  of  firedamp  into  air,  although  the  rate  of  diffusion  of  the  latter  is 
greater  than  of  the  former,  firedamp  being  lighter  than  carbonic-acid  jnis. 

The  property  of  diffusion  is  of  the  greatest  importance  in  the  ventflation 
of  mines,  ance  it  is  owing  to  this  that  the  air-current  is  enabled  to  sweep 
away  these  gases  from  their  lurking  places  in  the  workings  more  rapidly 
and  effectually  than  it  otherwise  could. 

Trinsplrition  of  f  not  is  the  exuding  of  the  gases  from  the  pores  of  the  voaX 
in  which  they  are  contained.  It  is  a  well-known  fiiot  that  transpiration 
takes  place  more  rapidly  from  a  newly  exposed  fiekce  of  coaL  This  is  owing 
to  the  fiEkct  that  the  gas  pent  up  in  the  coal,  or  occluded  in  the  seam,  tends 
to  escape  at  the  first  opportunity,  when  the  seam  is  exposed  to  the  atmos- 
phere. The  gas  is  under  a  certain  pressure,  as  we  have  previously  observed, 
and,  as  the  mine  workings  penetrate  the  coal  seam,  the  gases  are  fbrced 
outward  firom  the  coal  by  their  own  pressure,  thus  exi>anding  into  the  air  of 
the  mine. 

The  transpiration  of  gas  from  coal  seams  differs  very  widely,  in  some 
seams  it  being  so  rapid  and  violent  as  to  splinter  and  break  the  coal  in  its 
effort  to  escape.  It  nrequently  causes  a  crackling  sound  peculiar  to  a  very 
gaseous  seam,  and  in  some  cases,  causes  fine  coafto  be  thrown  into  the  figice 
of  the  miner. 

OASES   POUND   IN    MINKS. 

Oxygon  O  is  a  colorless,  odorless,  tasteless,  non-poisonous  gas.  It  is  heavier 
than  air,  having  a  specific  gravity  of  1.1056.  It  is  the  great  supporter  of  Ufy 
and  combustion.  Oxidation,  or  the  union  of  any  of  the  elements  with 
oxygen,  is  simply  another  term  for  combustion  in  its  broadest  sense.  Host 
forms  of  matter  containing  carbon  are  easily  decomposed  at  certain  temper- 
atures, through  carix>n  seeking  to  combine  with  the  oxygen  of  the  air  to 
form  carbonic-acid  gas  00%.  Tnis  union  of  the  oxygen  with  other  elements, 
or  oxidation,  takes  place  at  all  temperatures.  It  is  less  active  when  the 
temperature  is  low,  and  is  then  known  as  alow  combustion.  An  example  of 
this  is  found  in  the  gob  fires  that  occur  so  frequently  in  mine  workings. 
The  fine  coal  that  is  so  often  thrown  back  into  the  gob  is  acted  on  first  by 
moisture,  and  as  its  temperature  rises,  carbonic-oxide  gas  is  formed  in  small 
quantities  by  the  union  of  the  carbon  of  the  coal  with  the  oxygen  of  the  air: 
as  the  temperature  rises,  more  gas  is  formed.  Heat  is  caused  by  the  chemical 
action  due  to  the  interchange  of  the  atoms,  this  heat  being  often  suflicient  to 
ignite  the  gas  formed,  spontaneous  or  active  combustion  resulting.  Oxygen 
is  the  element  in  the  atmosphere  on  which  all  life  depends. 

Nitrogen  iV^  is  a  colorless,  odorless,  and  tasteless  gas:  it  is  neither  combus- 
tible nor  a  supporter  of  combustion;  it  is  not  poisonous,  and  is  lighter  than 
air,  having  a  specific  gravity  of  .9718.  Nitrogen  is  a  particularly  inert  gas;  it 
takes  no  active  part  in  any  combustion,  in  the  sense  of  causing  such  com- 
bustion. Its  province  is  to  dilute  oxygen  of  the  atmosphere,  on  which 
life  depends.  Were  it  not  for  this  diluuon,  oxidation  would  be  too  rapid, 
and  not  as  completely  under  control  as  at  present.  The  effect  of  nitrogen 
on  human  life  would  oe  to  suffocate,  if  breatned  pure,  inasmuch  as  it  would 
exclude  oxygen  from  the  lungs.    Nitrogen  itself  nas  no  life-giving  poww. 

Marsli  gas  CHi,  often  called  Uaht  carbureted  hydrogen,  or  moAane,  is  a 
chemical  compound,  consisting  of  4  atoms  of  hydrogen  to  1  atom  of  carbon. 


0A8ES  FOUND  IN  MINES. 


849 


It  is  one  of  the  chief  gases  occluded  in  coal  seams,  and  results  fh>m  the 
metamuorphism  of  the  carbonaceous  matter  from  which  coal  is  formed,  when 
such  metamorphism  has  taken  place  with  the  exclusion  of  air,  and  inpresence 
of  water.  Pure  marsh;^^  is  colorless,  odorless,  and  tasteless,  and  is  lights 
than  air.  Its  specific  gravity  is  .559,  and  it  diflhses  rapidly  in  the  air,  forming 
a  firedamp  mixture.  Mann  gas  bums  with  a  blue  fiame,  but  it  will  not 
support  combustion,  and  a  lamp  placed  in  it  is  immediately  extinguished. 
In  the  mine,  it  is  a  difficult  matter  to  place  a  lamp  in  a  body  of  pure  marsh 
gas,  since  the  gas  diffuses  so  rapidly  that  a  firedamp  mixture  always  sur- 
rounds a  body  of  pure  gas,  which  may  exist  high  up  in  some  cavity  of  the 
roof,  or  at  the  fiEice  of  a  steep  pitch  where  the  circulation  is  slow  and  the 
feeder  at  the  &ce  is  giving  off  a  large  amount  of  gas.  The  flaming  of 
the  lamp  in  {Mussing  through  a  firedamp  mixture  would  at  once  cause  the 
withdrawal  of  the  lamp  before  reaching  the  body  of  pure  marsh  gas.  But 
could  a  lamp  be  placed  in  a  body  of  pure  marsh  gas,  it  would  be  extinguished 
at  once.  Marsh  gas  is  not  poisonous,  and  when  mixed  with  air  in  sufficient 
proportion,  it  may  be  breathed  for  a  considerable  time  with  impunity  (see 
Firedamp).  Pure  marsh  gas  does  not  support  life,  but  8uffi>cate8  by  exdu- 
ding  oxyoen  from  the  lungs. 

Otker  Hydrootrbons.— All  gases  that  are  compounds  of  carbon  and  hydrogen 
are  called  hydrocarbons.  Of  these,  the  chiei  member  is  marsh  gas.  or  light 
carbureted  hydrogen,  described  in  the  preceding  paragraph;  tne  omer 
hydrocarbons  are  called  heavy  f^drocarhons.  The  chief  of  these  are  olefiant 
gas  0%H^  and  ethane  C^JS^.  Both  of  these  gases,  like  marsh  gas,  are  the 
result  of  the  metamorphism  of  carbonaceous  matter,  during  the  formation  of 
the  coal,  but  unlike  marsh  gas,  they  have  been  produced  in  the  absence  of 
water,  and  as  a  result  they  contain  a  larger  percentage  of  carbon  than 
marsh  gas.  They  always  exutt  in  common  with  marsh  gab,  as  occluded  gases 
in  coal  seams,  but  to  a  lar  less  extent.  Each  of  these  gases  possesses  a  higher 
illuminating  power,  burning  with  a  brighter  fiame  than  marsh  gas.  This  18 
due  to  the  larger  percentage  of  carbon  present  in  their  composinon.  Their 
remaining  properties  are  very  similar  to  the  properties  given  for  marsh  gas; 
they,  however,  when  present  in  a  firedamp  mixture,  lower  the  temperature 
of  Ignition,  and  render  the  mixture  more  dangerous  than  it  would  be 
otherwise 

Constints  for  Mine  Gases.— The  following  table  shows  the  symbols,  specific 
gravities,  and  relative  v^ocities  of  difllision  and  transpiration  of  the  principal 
mine  gases,  arranged  in  the  order  of  their  specific  gravities,  air  being  taken  asL 
The  values  given  in  the  next  to  the  last  column  of  this  table  were 
obtained  by  experimenting  with  the  gases,  and  agree  qtdte  closely  with 
the  calculated  values  given  in  the  preceding  column.  From  this  column 
we  see  that  1,344  volumes  of  marsh  gas  will  difflise  in  the  same  time  as  1,000 
volumes  of  air,  or  812  volumes  of  carbonic-acid  gas. 

Table  of  Mine  Oases. 


Name  of  Om. 

Symbol. 

Speciflo 
Gravity. 

1 

Belatire  Veloolty 

of  Diffoaion. 

(Air  -  1.) 

Bdaiiye  Valooity 

of  TraaapiratioD. 

(Air  -  1.) 

I^Sp.  Gr. 

Air    

Carbonic  acid 

Sulphureted     hy- 
drogen.  

Oxygen 

Olefiant 

Nitrogen 

Carbonic  oxide  ... 

Steam 

Marsh  gas 

Hydrogen 

• 

COi 

CO 

H^O 

Clh 

H 

1.00000 
1.529 

1.1912 
1.1056 
.978 
.9713 
.967 
.6235 
.559 
.06926 

1.0000 
.8087 

.9162 
J9510 
1.0112 
1.0147 
1.0169 
1.2664 
1.8375 
3.7794 

1.000 
.812 

.95 

.9487 
1.0191 
1.0143 
1.0149 

1.344 
3.83 

1.0000 
1.2371 

.903 
1.788 
1.0303 
1.034 

1.639 
2.066 

CirbonlO'Oxide  gas  CO.  often  called  whitedamp^  is  a  chemical  ccmipound 
consisting  of  1  atom  of  carbon  united  to  1  atom  of  oxygen.    To  a  certain 
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extent  it  ocean  as  an  occluded  gas  in  coal.  It  is  chiefly  formed,  howeTer, 
in  coal  mines,  by  the  slow  combustion  of  carbonaceous  matter  in  the  gobs  or 
waste  places  of  the  mine,  where  the  supply  of  air  is  limited.    It  is  always  the 

Sroduct  of  the  slow  combustion  of  carbon  in  a  limited  supply  of  air.  It  is 
[lerefore  one  of  the  chief  products  of  gob  fires,  and  is  also  a  product  of  the 
explosion  of  powder  in  blasting.  This  ms  often  fills  the  creyioe  made 
behind  a  standing  shot,  and  causes  the  nash  that  takes  place  when  the 
miner  puts  his  lamp  behind  such  shot  to  examine  the  same.  This  eas  is 
formed  in  large  quantities  whenever  the  fiame  of  a  blast  or  explooon  is 
proiected  into  an  atmosphere  in  which  coal  dust  is  suspended.  The  force  of 
a  blast  often  blows  the  dust  into  the  air,  and  the  flame  acting  on  it  distils 
carbonic-oxide  gas. 

Carbonic-oxide  gas  is  lighter  than  air,  having  a  specific  gravity  of  .967, 
and  it  thereicre  accumulates  near  the  roof  and  in  the  higher  working 
places.  It  is  colorless,  odorless,  and  tasteless.  It  is  combusnble,  burning 
with  a  light-blue  fiame.  This  is  the  fiame  often  seen  over  a  freshly  fea 
anthracite  fire.  It  is  also  a  supporter  of  combustion,  being  the  only  mine 
gas  that  bums  and  also  supports  combustion.  This  property  leads  to  very 
unportant  results  in  mines,  inasmuch  as  it  lengthens  tne  name  of  a  lamp  or 
the  fiame  of  a  blast.  Any  flame  is  fed  bv  this  gas,  and  is  thereby  transmiited 
through  the  mine  airways,  from  one  point  to  another.  The  same  property 
extends  very  widely  an  otherwise  locid  explosion.  This  gas  has  the  widest 
explosive  range  of  any  gas  known  to  mining,  except  hydrogen.  The  effect 
of  its  presence  in  firedamp  mixtures  is  always  to  widen  the  explosive  range 
of  the  firedamp,  causing  it  to  become  explosive  in  larser  and  smaller 
proix>rtions  than  it  otherwise  would.  Carbonic-oxide  gas  is  a  very  poison- 
ous  gas,  and  acts  on  the  human  system  as  a  narcotic,  producing  drowsinesB 
or  stupor,  followed  by  acute  pains  in  the  head,  back,  and  limM,  and  after- 
ward oy  delirium.  It  acts,  when  breathed  into  the  lungs,  to  absorb  the 
oxygen  ftom  the  blood,  or,  in  other  words,  poisons  the  blood. 

Carbonic-oxide  gas  is  detected  in  mine  workings  by  its  effect  on  the  flame 
of  a  lamp,  which  bums  more  brightly  in  the  presence  of  the  gas,  and  reaches 
upwards  as  a  sUul  quivering  taper,  having  often  a  pale-blue  tip  thai, 
however,  is  not  readily  observed. 

Csrbonlo-aoid  gas  COs,  often  called  hlackdamp  or  chokedamp^  is  a  chemical 
compound  cohsistinfi:  of  1  atom  of  carbon  united  to  2  atoms  of  oxygen.  It  is 
heavier  than  air,  ha^ng  a  specific  gravity  of  1.529.  It  therefore  accumuli^es 
near  the  fioor  or  in  the  low  places  of  the  mine  workings.  It  is  always  the 
result  of  the  complete  combustion  of  carbon  in  a  plentifiu  supply  of  air,  and 
is  a  product  of  the  breathing  of  men  and  animals,  burning  of  isunps,  or  any 
other  complete  combustion.    It  is  always  present  in  occluded  gases. 

Carbonic-acid  gas  is  a  colorless,  odorless  gas,  but  possesses  a  peculiarly 
sweet  taste,  which  may  be  detected  in  the  mouth  when  it  is  inhiilea  in  large 
quantities.  It  is  not  combustible,  nor  is  it  a  supporter  of  combustion. 
Liamps  are  at  once  extinguished  by  it.  It  difflises  slowly  into  the  atmosphere, 
and  IS  a  difficult  gas  to  remove  in  ventilating.  It  is  not  poisonous,  but  acts 
to  suffocate  by  excluding  oxygen  fW>m  the  lungs.  Its  effect,  when  breathed 
for  any  length  of  time,  is  to  cause  headache  and  nausea,  followed  by  weak- 
ness and  pains  in  the  back  and  limbs;  when  present  in  larger  quantities,  it 
causes  death  bv  suffocation.  This  gas,  when  present  in  firedamp  mixtuies, 
has  the  opposite  effect  from  that  of  carbonic-oxide  gas,  inasmuch  as  it 
narrows  tne  explosive  range  of  the  firedamp,  and  renders  such  mixtures 
inexplosive,  which  would  otherwise  be  explomve  (see  Firedamp). 

Carbonic-acid  gas  is  detected  in  the  mine  air  by  the  dimness  of  the  lamps 
and  by  their  extinguishment  when  present  in  larger  quantities.  It  should 
always  be  looked  for  at  the  fioor,  and  in  low  places  of  the  mine  workings. 

Sulphureted  hydrogen  H^S  occurs  at  times  as  an  occluded  gas  in  coal  seams, 
but  more  often  exudes  from  the  strata  immediately  underlying  or  ov^- 
lying  those  seams.  It  is  generally  supposed  to  be  formed  by  the  disintegra- 
tion of  pyrites  in  the  presence  of  moisture.  It  is  heavier  than  air,  having  a 
specific  gravity  of  1.1912.  It  is  a  colorless  gas,  having  a  very  disagreeable 
odor  resemblir^  that  of  rotten  eggs,  and  is  known  to  the  miners  as  tHnkdamp. 
It  is  an  exceedingly  dangerous  gas  when  occurring  in  consideralE>le  quan- 
tities. When  mixed  with  7  times  its  volume  of  air,  it  is  violently  explosive. 
It  is  extremely  poisonous,  acting  to  derange  the  system  when  breathed 
In  small  quantities,  and,  when  inhaled  in  larger  quantities,  it  produces 
unconsciousness  and  prostration.  Its  smell  serves  as  the  best  meftns  Ibr  iti 
detection. 


OABXS  rOVND  ly  JUHEEL  351 

Flr«4«Mp.— The  genanl  lenu  fitdamp  nUtea  to  any  ezplodve  mlrtnra  of 
marsb  gas  uhI  olr,  altboueli  in  same  IocsUUm  this  tenn  U  undenlood  u 
referring  to  but  mixture  ol  marsh  gas  aad  air  whatever,  wbetlier  explosive 
or  otberwfse.  Manr  pereoni  ipeak  or  pure  nutrah  gaa  as  Brediuap,  The  Oist 
meuiblg  glTen  above,  however,  Is  Oie  general  acceptation  of  the  tenn. 

Pure  manh  gaa  whenpreaent  In  email  quantities  In  the  sir  burDsla  the 
flune  ot  the  lamp  without  exploslou.  As  the  quantity  of  the  na  la 
Increased,  the  <0ttA  on  the  flAme  ot  the  lamp  Is  at  once  noUceable.  As  the 
proportioa  of  nts  In  the  air  Is  Autber  iDoreased,  end  approaches  the  lower 
explosive  Umft,  (he  lamp  flame  enlarKea,  anapB,  and  crackles.  When  the 
pioportioD  of  g«s  to  all  is  1  to  13,  sUabt  exploaooe  occur  within  the  lamp, 
the  Same  of  the  lamp  lumping  Tiolaatlv.  As  the  proportion  of  gas  is 
increased,  the  violence  of  the  explosion  u  angmenlea  until  U  reschea  • 
maximum,  ntaea  the  proportion  of  gaa  loalr  Is  1  to  9|  (exactly.  liS.SS). 
This  is  Ibe  proportioa  of  eas  and  ui  In  firedamp,  wh«i  at  Its  maximum 
eiploilye  violence.  From  (Ms  point,  aa  the  quantity  of  wu  is  still  further 
increased,  the  violence  of  the  explosion  decreases,  imtu  it  becomes  very 
fteeble  wben  the  piopoctloii  of  gas  aud  air  Is  1  to  H.  and  ceases  altogether 
beyond  tills  point.  The  eiplodve  limits  Of  marsh  gas,  or  the  limits  ot  fiie- 
damp  mlxbiies.  are  then  as  fbllows:  Lower  limit.  1  volume  of  gas  In  i> 
volumes  of  air;  higher  limit.  ?  ""i..-.™  «'  — »-  ►'.  ri  toAi«™«-  ^r  «i»  r 
limits  refer  to  pure  flredamp, 
Blgdng  of  pure  marsh  eas  and  i 

It  rarely  tiappens  that  fired 
contains  admixtures  of  Other  gases,  suo 
oxide  gas  CO,  and  heavy  bTdrocaibona 

»flsrd»»i(.— The  term  r''— ' '-■ 

mine  workings  after  ai 
I  exceedingly  variable,  =.">.  »...^-.  -j,  ^u  s^.^......  ...^.j....  .^..i  ^-^  « 

.pplled  with  certainly  to  anyone  explosion.    The  conditions  that  obtain 


MIsrdMij.— The  term  afbrdainp 
in  mine  workings  after  an  exploBlon  of  gaa. 
iB  exceedingly  variable,  and  admits  of  no 


explosion  are  so  manifold,  and  control  bo  completely  tbe  character  of 

the  gases  fbrmed,  that  It  la  Imponlble  to  give  more  than  a  general  analysis 
Of  afterdamp. 

The  chldprodaols  of  the  complete  explosion  of  pur*  flredamp  are  cor- 
bouhM^d  gaa,  watery  vapor,  and  nitrogen  (see  page  Sii),  The  exploeion  of 
Qredamp  is  seldom,  however,  oomplele.  where  a  large  body  of  gas  has 
explodeo,  the  alr^nrrent  In  the  mine  workliigs  does  not  fumlah  sufficient 
air  tor  the  complete  combustion  of  the  Sredamp.  and  as  a  result,  a  large 
amonntof  carbonlCHjildegasisfbrmed,  and  Is  present  In  the  afterdamp  of 
the  explosion.  The  presence  of  this  gas  (CO)  renders  tbe  afterdamp  far 
more  dangerous  than  It  would  otherwise  be,  fOr  two  reasons:  The  gaeliself 
is  very  pcnsonons,  and  its  presence  Is  not  at  once  detected  by  the  lealous 
men  that  are  working  to  lesOQe  their  fellow  workmen.  The  lamps  bum 
very  brightly  In  this  gM  ond  the  rescuers  press  fbrward  unconscious  of  theli 
real  danger  until  overcome  by  the  eflbcts  of  the  gas.  The  presence  of  coal 
dust  in  suspension  in  the  mine  air  at  the  time  of  tbe  explosion,  or  thrown 
into  the  sir  l>y  the  tbrce  of  the  eiptoslon.  lesulle  at  once  In  the  productlou 
of  a  large  amount  of  earbonic«ilae  gas.  It  la  a  well-known  IBct,  also,  that 
carbonlc-add  gas  COt.  fbrmed  as  a  direct  product  of  the  explosion,  or  which 
may  be  Iteeent  in  the  mine  air  before  the  eiplodon,  coming  in  contact 
with  the  incandescent  carbon  of  the  coal  dnst.  Is  converted  l>y  it.  at  tlie  high 
teroperaluro  of  the  flame,  Into  carbonic-oxide  gaa  CO.  We  observe,  there- 
.  _ .  .  _   ..     ,.  .^  efltects,  (ends  fo  the  rapid  and  abundant 


but  for  the  larger 


^ng  the  larger  portion  of  the  aHerdamp. 
n  an  eiploaon. 

—Moat  of  the  gases  occurring  In  mines  are 
a  adjacent  to  thecoal  seam.  These  occluded 
wats,  but  are  chiefly  marsh  gas  with  varying 
ns  (olefiant  gas,  ethane,  etc. )  and  caibonlc- 
D  some  coalB,  a  large  percentage  of  nitrogen 
,  transpires  very  slowly  Into  the  atmosphere. 
Teaent,  usually  exudes  (Torn  the  underlying 
eam.  These  occluded  gases  are  tbe  result  iH 
e  beat  authorities  and  evidence.  They  exist 
onslderable  pressure  due  to  the  weight  of  the 
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saperincombent  strata.  When  the  gtrata  adjacent  to  the  eoal  seam  are 
impervioiis  to  gases,  the  occlnded  gases  remain  pent  up,  and  we  have  what 
is  called  a  gaaeout  team.  The  tendency  of  the  gas  is  always  to  escape  to  the 
sorfoce  or  mto  the  mine  workings,  at  the  first  opportunity. 

These  gases  have  each  their  separate  effects,  and  their  combined  effect  is 
sometimes  very  complicated.  We  can  only  study  to  become  familiar  with 
the  separate  cnaracteristics  of  each  of  these  gases,  and  judge  of  their  com- 
bined effect  when  present  in  firedamp  mixtures.  For  example,  one  effect  of 
all  these  gases  when  present  in  firedamp  mixtures  is  to  dilute  the  firedamp, 
and  to  that  extent  weaken  its  explosive  force.  Dilution  of  the  firedamp  by 
carbonic-acid  gas  CO*  decreases  very  rapidiy  the  explosiveness  of  the  fire- 
damp. When  carbonic-acid  gas  is  present  in  firedamp  to  the  extent  of  one- 
seventh  its  volume,  explosion  ceases  altogether;  in  other  words,  the 
firedamp  is  rendered  inexplosive.    The  effeci  of  smaller  quantities  Of  this 

Ss  is  to  contract  the  explosive  limits  of  the  firedamp  as  well  as  to  weaken 
e  explodon.  The  effect  of  carbonic-oxide  gas  CO  when  present  in  fire> 
damp  mixtures  is  likewise  to  dilute  the  firedamp.  The  fiame,  however,  is 
lengmened  by  this  gas,  and  the  explosive  limits  of  the  firedamp  mixture  are 
voiaSffned.  In  other  words,  mixtures  of  marsh  gas  and  air,  which  were  not 
explosive  mixtures,  are  rendered  explosive  by  the  presence  of  carbonic- 
oxide  gas. 

The  chief  source  of  the  other  mine  gases  lies  in  the  slow  combustion 
of  carbonaceous  matter  in  the  gob,  gob  fires,  burning  of  lamps,  breathing 
of  men  and  animals,  etc.  The  table  on  page  353  shows  the  percentage  of 
occluded  gases  in  a  number  of  coals  ana  their  volume  at  normal  temper- 
ature and  pressure. 

Gas  Feeders  (Pockets)*— The  occluded  gas  of  a  coal  seam  escapes  when- 
ever opportunity  is  offered,  and  accumulates  in  the  pockets  and  crevices 
of  the  adjoining  strata,  forming  what  are  called  gets  feeders.  These  consti- 
tute a  very  dangerous  element  in  the  mining  of  gaseous  seams.  Inasmuch  as 
when  such  a  crevice  or  feeder  is  tapped  by  the  miner's  drill,  the  ^[as,  which 
is  usually  under  heavy  pressure,  blows  out  in  a  large  volume,  at  tunes  even 
blowing  the  drill  from  the  hole. 

Pressure  of  Occluded  6ases.— Occluded  gases  exist  under  a  pressure  that  is 

f)roportionate  to  the  weight  of  the  overlying  strata.  Numerous  experimentc 
n  England,  France,  and  Belgium  show  that  the  pressure  of  gases  occluded 
in  coal  seams  fireauently  amounts  to  from  10  to  16  atmospheres,  and  in  some 
cases  has  reached  32  atmospheres.  These  high  pressures  of  occluded  gases 
manifest  themselves  frequently  in  the  boring  of^gas  wells,  where  the  tools 
are  at  times  blown  from  the  bore  hole. 

Pressure  of  Occluded  Gas. 


Name  of  Mine. 

Depth  of  Bole. 
Feet 

Pressure. 
Pounds. 

Elmore  mine,  main  bed 

8.58 
8.98 
46.90 
81.85 
82.80 
49.20 
54.48 
16.24 
27.56 
87.18 

4.86 

Hetton  mine,  Button  bed 

Eppleton  mine.  Button  bed- 
Balden  mine,  Bensham  bed... 

Barris  Navigation  mine 

Merthyr  Vale  mine  

Celynen  mine 

Barton  mine  (1,214  ft.  deep) 
Barton  mine  

HftTlT»TI  Tnipf^    

6.96 

86.14 

71.41 

22.04 

89.67 

68.82 

196.80 

280.44 

294.45 

Amount  of  Gas.— Experiments  made  by  the  Prussian  Firedamp  Commisaion 
have  given  results  varying  ftx)m  357  to  2,400  en.  ft.  of  gas  liberated  per  ton  of 
coal  mined.  Mr.  Chesneau  gives  1,377  cu.  ft.  at  the  Herin  mine,  Ansin. 
Experiments  at  the  Ronchamp  mines  give  883  cu.  ft. 

Outbursts  of  fas  are  frequent  occurrences  in  some  ooal  seams.  They  are 
eaused  by  the  occluded  gas  finding  its  way  to  a  vertical  crevice  or  deal  m  the 


SASJSS  FOUND  W  MINES, 


36 


Oasis  Bmolosbd  in  tbb  Pobib  of  Coal  and  Bvolybd  im  Vacuo 

AT  212^  F.— (TAomof.) 


Name  of  Oolliery. 


Navigation 

Dunrayen 

Cyfarthfia  

Bute 

Bonyille's  Court 

Watney's 

Plymouth  Iron  Works 

Cwm  Clydach 

Bettwys 


C0% 

0 

CH^ 

N 

Quao 

Quality. 

^1 

«o 

"1 

Steam. 

13.21 

.49 

81.64 

4.66 

250.0 

Steam. 

5.46 

.44 

84.22 

9.88 

218.0 

Steam. 

18.90 

1.02 

67.47 

12.61 

147.0 

Steam. 

9.25 

.84 

86.92 

8.49 

875.0 

Anthracite. 

2.02 

93.13 

4.25 

555.0 

Anthracite. 

14.72 

84.18 

1.10 

600.0 

Bituminous. 

36.42 

.80 

62.78 

55.9 

Bituminous. 

5.44 

1.06 

68.76 

29.75 

55.1 

Bituminous. 

22.16 

6.09 

2.68 

69.07 

24.0 

5 


;^' 


80 

70 

47 

120 

178 

192 

18 

18 

8 


Gases  Enclosed  in  the  Pobes  of  Coal  and  Evolved  in  Vacuo 

AT  212°  F.— (if.  LeChateOier.) 


Locality. 


Dunraven  mine  (blowers) 
Dunraven  mine  (bore  hole) 

Oarswood  mine 

Garswood  mine  (blowers) 
Glamorgan  mine  (blowers) 

Dombran  mine  (blowers) 

Karwin  mine 

Karwin  mine  (blowers)  

Hruschau  mine 

Hruschau  mine(blowers) 

Peterswald  mine  (blowers) 

SegenGottesmine  

S^en  Gottes  mine  ( bore  hole) 
Liebe  Gottes  mine  (borehole) 


CHi 

COt 

N 

•  0 

96.70 

.47 

2.79 

96.50 

.44 

8.02 

84.16 

.86 

12.80 

2.65 

88.86 

.41 

8.90 

1.83 

93.01 

.27 

5.94 

.78 

95.11 

.48 

4.07 

.34 

94.59 

.18 

4.48 

.76 

99.10 

.20 

.70 

79.16 

.19 

17.04 

.61 

87.93 

.88 

10.25 

.99 

90.00 

.15 

9.25 

.60 

83.51 

1.17 

15.02 

.30 

87.16 

1.11 

11.73 

77.69 

3.77 

18.48 

.06 

Analyst. 


J.  W.  Thomas. 

J.  W.  Thomas. 

W.  Kellner. 

W.  Kellner. 

W.  Kellner. 

(  Austrian  Firedan 

(    Commission. 


Saner. 
Sauer. 
Sauer. 


Gases  Enclosed  in  the  Pobes  of  Coal  and  Evolved  in  Vacuo 

AT  212°  T.—iSchondorff.) 


Locality. 


*  Blowers. 

BonifSEicius  mine  at  Kray  (Essen)  

Consolidation  mine  at  Schalk  ( Westphalia) 
K5nig  mine  at  Neunkirchen  (Saarbruck) 

Oberkirchen  mine  at  Schaumburg  

Cavities  in  the  roof.  Lothringen  mine  at 
Castrop  (Westphalia)    

New  Iserlohn  mine  at  Lawgendren  ( West- 
phiUia) - 


CHi 

CiB^ 

H 

C(h 

90.94 

1.40 

.80 

89.88 

5.84 

.67 

84.89 

1.62 

.65 

/  60.46 
193.66 

37.64 

2.11 

2.56 

.88 

.63 

27.95 

L85 

.45 

f  4.75 
t  4.00 

.09 

1.84 

.06 

.40 

i^+ 


7.2 

3.e 

12.f 

4.{ 

70.5 
65.( 
95.( 


yxsTiLA  Tios  OP  mssa. 
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IftsM  ItoeK  brbunUns  U- 
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pletely blocking  the  openingi  ta  pu- 
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t^ned  an  ouOmrri,  It  la  bequentlT 
'-'    ■""    tbuDderingi   and 


□paniiwBapiaoach  pcozim 
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poundlngB  are  probably  the  remit  of 
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creyioo  to  another,  always  ■dTanctag 

closer  and  closer  to  the  mine  openings,  where  they  finally  buist  forth  with 

eitreme  Tiolence. 

TMtlni  for  a«i  b)  limp  Film*.— Marsh  gaa  and  firedamp  are  detected  in 
mine  workings  by  the  small  flame  cap  that  envelopes  and  eurmounta  the 
flame  of  the  lamp  In  a  firedamp  mixture.  Ttila  flame  cap  Is  caused  by  the 
gaseous  mixture,  nhlch  bums  as  It  comes  In  contact  with  the  fiame. 
The  proportion  of  gas  la  the  mixture  determines  Che  height  of  the  flame  o«p. 
When  testing  fOr  gas,  the  lamp  Bame  is  first  reduced  to  a  small,  uniform 
size,  and  although  this  Is  not  a  universal  practlee.  It  has  the  advantage  of 
giving  unifbrm  resulta.  The  lamp  Is  held  in  an  upright  position.  In  one 
hand,  while  the  eyes  are  carefDlly  screened  In  the  otner^iaDd  (torn  ttae 
glareofthe  Jlght,  the  lamp  being  slowly  raised  toward  the  roof  where  gu  It 
nspected.  The  name  is  careAil&  watched  fbi  the  first  appeanuice  of  a  cap, 
and  the  belghtof  the  cap  Is  oarefully  noted.  Uany  lamMarenoTided  wllti 
a  graduated  scale  set  opposite  to  the  flame,  so  that  the  DOght  of  a  cap  may 
be  «atfmat«d  with  ■ccnraby.  After  the  observation,  the  lamp  Is  quietfy  ana 
promptly  withdrawn  from  ttie  gas.  Should  flaming  occur  wtthin  the  lamp, 
as  BomeUmea  happens  when  It  is  raised  too  quickly,  or  when  the  gweout 
mixture  is  strong,  the  lamp  should  be  withdrawn  carefully  and  not  with 
nudue  hastt  as  mere  Is  danger  of  the  fiame  of  the  gaaea  burning  wltliin  the 
lamp  being  forced  through  the  gsnse  by  a  rapid  movement.  This  requirea 
great  presence  of  mind  on  the  part  of  the  person  using  the  lamp. 

In  Flg.3  the  helgb  ts  of  flame  cap  due  to  the  presence  of  dlfibrent  pioportloni 
Of  marsh  gas  are  shown.  These  heights,  as  given,  refer  to  the  eipenmenlal 
heights  of  fiame  cap  ob. 

talned  with  pure  marsh  d 

gas.      It  should    be  ob-  \ 

served,  however,  that  the  I 

presence  of  other  gases  •         H 

In  the  flredamp  will  vary 
Its  explosive  character. 
and  this  (hct  very  mate- 
rially modifies  the  eiplo-. 
tfvaness  of  certain  caps.  •         a 

For  example,  in  the  ex-       X       X       M 
perlmenls  on  pure  marsh    HMIMlaHHn 
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gas.  a  2"  flame  cap  jr 


Inexploslve; 


while,  in  the  mint., 

with  the  variable  Char- 

actw  of  the  firedamp  mixtures  usually  found  there,  a  flame  of  lA  In.  i> 
often  found  to  iudicale  explosive  condltlona  Ainln.  flames  of  even  len 
height  than  this  oRen  Indicate  dangerous  conditions,   especially  where 

the  coal  la  Infiammable  and   there   Is  much  fine  dust '   '-    "— 

atmosphere.    These  conditions  account  readllv  for  the  vi 


«  In  regard  li 


to  depend  wholly  on  Us 


wltb  which  he  bai  be 


SAFETY  LAMPS. 
nu  iifil)  l»^  li  dedsned  to  glTs  light  In  oMeinii ' 
daugei  of  Igniting  the  gmiea  preWDt  la  Uw  almotpbi 
the  latetj  Ump  dgpendi  on  the  oooUnc  efhot  that  an  I 


wbece  It  la  neoenair  to  do  ao.  Thia  !■  olten  aocompUiihed  by  an  extra  tnba^ 
which  la  mppUed  with  the  lamp,  and  which  maV  be  taken  off  the  lamp 
when  not  In  uae.  This  tube  extendi  up  the  ouldde  of  tlu  lunp  to  the  top. 
An  Important  feature  of  a  lump  for  l«aUiiB  purpoaea  la  the  uniformity  of 
Ita  flame. .  A  more  unllbrm  Same  la  obtainedlu  the  nae  of  aloohal  Inatead  of 
the  lard  (dl  commonlr  uied  la  Che  Mfetr  lamp. 


356  SAFETY  LAUP3. 

Dtttotloii  of  Small  PoretntogM  of  Got.— The  Davy  lamp  In  the  hands  of  o 
careAil  person  mav  be  made  to  detect  the  presence  of  gas  In  quantities  al 
low  as  8)».  It  is  clauned  by  some  fire  bosses  that  2)(  of  gas  may  be  detected 
with  a  good  Davy.  For  tne  detection  of  small  quantities  of  gas.  specially 
constructed  lamps  have  been  used.  These  lamps  are  designed  to  bum 
alcohol  or  hydrogen,  giving  a  non-luminous  flame.  Among  these  may  be 
mentioned  the  Pieler  lamp,  burning  alcohoL  which  it  is  claimed  will  detect 
as  small  a  quantity  of  gas  as  i^.  A  device  known  as  the  Clowes  gas  tester 
has  been  invented,  and  may  be  attached  to  many  safety  lamps.  It  consists 
of  a  hydrogen  tube  that  is  designed  to  flimish  a  small  stream  of  hydrogen 
to  the  lamp  flame  when  testing  for  gas.  Surrounding  the  wick  of  the  lamp 
is  a  closely  fltting  cone,  to  which  the  hydro&%n  fh)m  the  tube  is  suppliea. 
When  the  lamp  is  to  be  used  for  testing  for  gas,  the  wick  is  lowered, 
extinguishing  the  oil  flame  after  the  hydrogen  is  turned  on.  It  is  claimed 
that  gas  may  be  detected  in  as  small  quantities  as  i^  by  this  apparatus 
attached  to  any  good  safety  lamp  admitting  its  air  below  the  flame. 

The  Shaw  gas  tester  is  usefUl  for  determining  the  percentage  of  marsh 
gas  in  the  mine  air,  but  it  cannot  be  applied  at  the  fietce,  and  samples  of  gas 
must  be  taken  to  the  sur&ce  for  analysis. 

Oilo  for  Safety  Lampt.— Most  safety  lamps  bum  vegetable  oils,  which  are 
considered  the  safest  for  mining  use.  and  so  reported  by  the  KngUsh  Mine 
Commission.  Such  oils  are  rape-seed  oil  and  colza  oil,  made  ftom  cabbage 
seed.  Seal  oil  is  also  largely  used,  and  was  regarded  as  a  safe  oil  by  me 
EngUsh  Mine  Commission.  Seal  oil  affords  a  better  light  than  vegetable  oila 
and  in  its  use  there  is  less  charring  of  the  wick.  A  mixture  of  1  part  of  coal 
oil  to  2  parts  of  rape  or  seal  oil  is  often  used,  and  imrao  ves  the  light,  but  tiie 
smoke  from  the  flame  is  increased.  The  Aihworth-Hepplewhite-Gray  lamp 
is  constructed  to  bum  coal  oil,  or  a  mixture  of  coal  and  lard  oil.  The  Wou 
lamp  is  especially  designed  for  burning  naphtha  or  benzine.  Speciid  tests 
have  been  made  to  prove  the  safety  of  usine  such  a  fluid  in  this  lamp,  and 
fesulted  in  demonstrating  the  fkct  that  the  lamp  was  safe  under  any  condi- 
tions that  might  arise.  A  thorough  test  was  made,  the  oil  vessel  of  the 
burning  lamp  being  heated  to  mP  F.,  at  which  point  the  lamp  was 
extinguished  without  manifesting  any  dangerous  results. 

Types  of  Safety  Lamps.— In  the  year  1815,  Sir  Humphrey  Davy  and  Qeorge 
Stevenson,  the  latter  a  poor  miner,  discovered,  simultaneously,  that  flame 
would  not  pass  throueh  small  openings  in  a  perforated  iron  plate.  This  led 
to  the  connruction  of  what  are  known  as  the  Davy,  and  the  Stevenson  or 
**  Oeordy,"  lamps.  The  Davy  lamp  is  still  a  great  favorite  among  fire  bosses 
ibr  the  detection  of  gas  in  mine  air.  Inasmuch  as  all  safety  lamps,  of  which 
there  are  a  large  number,  depend  on  the  same  principle,  we  will  only 
describe  such  lamps  as  possess  essential  features,  and  which  snow  Important 
Improvements  and  the  gradual  developments  in  safety-lamp  construction. 

i)avy  Lamp.— Fig.  4  (a)  shows  a  wire  gauze  cylinder  about  6  in.  in  height 
mnd  11  in.  in  diameter,  surmounted  by  a  gauze  cap  2  in.  in  depth.     The 

guze,  which  has  28  wires  to  the  inch,  or  784  apertures  to  the  square  inch,  is 
itened  to  a  brass  standard,  which  secures  it  to  the  oil  cup  or  lamp  below. 
The  gauze  at  the  top  of  the  lamp  is  doubled  by  the  cap,  which  gives  greater 
security  at  this  point,  where  the  flame  tends  to  pass  through  the  gause  more 
quickly,  and  wnere  the  gauze  is  more  readily  burned  out.    The  mixture  of 

Ss  and  air  enters  the  lamp  in  the  lower  part  of  the  gauze,  and  bums  within 
e  lamp,  the  products  of  combustion  passing  out  through  the  upper  portion 
of  the  gauze  cylinder.  This  lamp  gives  a  good  flame  cap,  on  account  of  the 
tree  access  of  the  air  below  the  flame,  which  prevents  smoking  and  increases 
the  illuminating  power  of  the  lamp.  As  a  lamp  for  general  use,  the  Davy 
lamp,  however,  is  unsafe,  on  account  of  its  liaMUty  to  flame.  In  many 
mining  localities  the  use  of  this  lamp  is  prohibited  by  law.  except  foo' 
purposes  of  examining  for  gas,  when  it  must  be  used  solely  by  properly 
authorized  flre  bosses.  The  flame  of  the  lamp  is  also  unprotected  m>m  the 
force  of  rapid  air-currents,  and  is  not  safe  when  the  velodt^  of  the  current 
exceeds  6  ft.  per  second.  The  illuminating  power  of  the  lamp  is  also  not 
sufficient  for  general  work. 

Cl^nny  Lamp.— The  unbonneted  Clanny  lamp,  Fig.  4  (6).  is  oonstmcted 
according  to  the  same  principles  as  the  Davy  lamp,  differing  only  in  the 
fact  that  the  lower  part  of  the  wire  gauze  surrounding  the  flame  is  replaced 
by  a  strong  elass  cylinder  or  chimney.  The  purpose  of  this  is  to  increase 
the  illuminating  power  of  the  lamp.  The  lamp,  when  clean,  gives  a  good 
light,  but  the  entrance  of  the  air  at  a  point  above  the  flame,  ^nd  its  descent 
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within  the  lamp  to  the  flame,  causes  the  lamp  to  smoke,  due  to  the  conflict 
of  the  ascending  and  descending  air-currents  within  the  lamp.  The  smoke 
becomes  deposited  on  the  glass  chimney,  which  interferes  greatly  with  the 
light.  This  lamp  is  not  a  good  one  for  gas  testine,  and  in  fact  cannot  be 
used  for  that  purpose  to  any  advantage.  The  unbonneted  Clanny  is  not 
safe  In  an  air-current  having  a  velocity  greater  than  8  it.  per  second.  The 
bonneted  Clanny  obviates  this  difficulty  to  a  large  extent,  but  increases  the 
tendency  of  the  lamp  to  smoke. 

MiMtldf  Lamp.— This  lamp.  Fig.  4  (c),  in  all  respects  resembles  the  Clanny 
lamp  Just  descnbecL  except  that  the  tendency  in  the  Clanny  lamp  to  smoke 
is  overcome  in  the  Mueseler  by  increasing  the  draft  by  means  of  an  interior 
wrought-iron  chimney  or  tube,  supported  within  the  lamp,  and  reaching 
down  to  within  an  inch  of  the  base  of  the  flame.  The  air  enters  the  lamp 
as  in  the  Clanny,  above  the  flame,  but  is  deflected  downwards  by  the  centnQ 
tube,  and  passes  under  the  edge  of  this  tube,  ascending  through  it  to  the  top 
of  the  lamp,  where  it  escapes.  The  Mueseler  lamp  is  a  better  lamp  for 
illuminating  purposes  than  the  Clanny,  and  presents  more  security,  when 
bonneted,  agunst  explosions  within  the  lamp:  Tnis  lamp  will  with^and  a 
current  of  very  much  higher  velocity  than  the  Clanny  lamp,  and  is 
reputed  to  be  safe  in  a  current  havine  a  velocity  of  100  ft.  pier  second.  The 
lamp  is  not  a  good  lamp  for  the  detection  of  gas.  It  does  not  flame, 
however,  as  quickly  as  the  Clanny  lamp. 

Marssut  Lamp.— This  lamp,  Fig.  4  (d),  is  built  after  the  Clanny  lamp  in 
every  respect,  but  is  supplied  with  multiple-gauze  chimneys,  one  within  the 
other,  the  effect  of  which  is  to  increase  the  security  against  explosion  of  gas 
within  the  lamp.  The  bonneted  Marsaut  lamp  is  a  i>eculiarly  strong  lamp 
in  this  respect.  The  gauze  used  in  the  caps  of  this  lamp  has  934  apertures  to 
the  square  incht  Th£i  lamp  is  often  extinffuished  in  an  explosive  mixture 
by  the  force  of  the  explosion  within  itself.  It  gives  a  good  light  and  is  a  good 
lamp  for  general  work;  it  is  not,  however,  a  good  lamp  for  testing  for  gas. 

Ashworth-Hdppldwhitt-Gray  Lamp.—This  lamp,  Fig.  4  (e),  combines  a  number 
of  characteristic  features.  It  is  designed  for  general  work,  as  well  as  for 
testing  for  gas.  It  often  happens  that  gas  accumulates  in  a  thin  layer  along 
the  roof  of  an  entry  or  working  place,  and  is  not  detected  by  the  use  of  the 
Davy  lamp  or  any  ordinary  lamp.  The  Oray  lamp  is  so  arranged  that  it 
can  DO  made  to  draw  its  air  from  the  top  of  the  lamp,  by  means  ot  openings 
in  the  top  of  the  four  standards  of  the  lamp,  the  air  passing  down 
through  the  standards,  and  into  the  lamp,  below  the  flame.  Wnen  not 
in  use  for  testing,  openinsps  can  be  made  in  the  lower  part  of  the  stand- 
ards by  moving  a  sliae,  ana  air  enters  at  these  openings.  The  lamp  is  essen- 
tially a  bonneted  Clanny.  The  glass  chimney,  however,  as  well  as  the  gauze 
that  surmounts  it,  is  made  in  a  conical  form,  the  purpose  of  this  bemg  to 
diffkise  the  light  upward  for  examination  of  the  roof  of  the  mine.  The 
conical  form  given  to  the  gauze  also  strengthens  the  lamp  against  explo- 
sions of  gas  within.  This  lamp  is  a  very  good  all-around  lamp,  and  possesses 
good  Uluminating  power. 

Wolf  Lamp.— The  Wolf  lamp,  Pig.  4  (/),  is  rapidly  growing  in  popularity, 
having  been  already  introduced  in  a  lars;e  number  of  mines  in  Ammca  km 
England,  and  on  the  Continent.  This  lamp  is  essentially  a  Clanny  lamp 
with  a  free  admission  of  air.  It  is  compact  and  efficient,  and  has  gooa 
illuminating  power,  and  is  also  constructed  in  different  forms,  combining, 
as  dedred,  any  or  all  of  the  features  of  previous  lamps.  Two  of  its  charac- 
teristic features,  however,  consist  in  a  self-lighting  arrangement  acoom*. 
plished  by  means  of  a  percussive  device,  which  ignites  a  wax  taper  within 
the  lamp,  and  a  locking  device,  which  can  be  opened  only  with  a  nowerfUl 
magnet.  This  relighting  device  is  an  important  feature  In  any  safety  lamp 
for  general  use,  inasmuch  as  the  most  dangerous  conditions  exist  immedi- 
ately after  an  explosion,  and  the  miners  are  always  left  to  grope  their  way 
in  the  dark.  A  large  number  of  lives  are  lost,  owing  to  the  confhsion  that 
ensues,  the  men  becoming  bewildered  and  losing  their  way.  when  they  are 
shortlv  overcome  by  the  afterdamp  of  the  exploaon.  This  lamp  permits  of 
immediate  relighting  with  safety  to  the  men. 

Lookint  Lamps.— The  ordinary  lock  consists  of  a  lead  plug,  which,  when 
Inserted  in  the  lamp,  will  show  the  least  tampering  on  the  part  of  the 
miner.  Other  locks  consist  of  an  ordinary  tumbolt  operated  by  a  peculiar 
key.  Magnetic  locks  allow  of  the  opening  of  the  lamp  only  by  means  of  a 
ftronsr  magnet  kept  in  the  lamp  room. 

Citaning  Safety  Lampa.— Safety  lamps  should  be  thoroughly  and  regularly 
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dleaned  and  fined  between  each  shift.  Each  lamp  shonld  then  be  lighted 
and  inspected  by  a  competent  penon  before  being  given  to  the  miner.  A 
carefUl  inspection  of  the  gauze  of  the  lamp  is  necessary,  as  well  as  of  all  the 
joints  by  which  air  may  enter  the  lamp.  It  should  be  known  to  a  certainty 
that  each  lamp  is  securely  locked  before  leaving  the  lamp  room. 

Rdlighting  Stations.— These  stations  are  located  at  certun  places  in  gaseous 
mines  where  they  can  be  supplied  with  a  current  of  tresh.  air.  and  where 
there  is  no  danger  from  the  gases  of  the  mine.  The  lamp  is  apt  to  be 
overturned,  or  to  (aXl,  and  is  often  extinguished  thereby;  and  If  these 
stations  yrete  not  provided,  the  man  would  have  to  return  with  his  lamp  to 
the  surfiEtce  in  order  to  have  it  relighted.  Such  a  station  is  always  located  at 
the  entrance  of  the  gaseous  portion  of  a  mine,  in  cases  where  the  entire 
mine  does  not  liberate  gas. 

liluninstiiig  Power  of  Safety  Lamps.— The  following  table  gives  the  illumf 
natingr  power  or  oandlepower  of  some  of  the  principal  lamps.   The  light  of  a 
sperm  candle  is  taken  afi  1,  or  unity. 


^ 


Name  of  Lamp. 


Davy 

Geordy  

Clanny 

Mueseier  

Evan  Thomas 

Marsaut,  3  gauzes 

Marsaut,  2  gauzes 

Marsaut,  with  Howat's  deflector 

Ashworth-Hepplewhite-Gray 

Wolf 


niumlnating  Power 
of  Lamp. 


.16 
.10 
.20 
.35 
.45 
.45 
.55 
.65 
.65 
.90 


EXPLOSIVE   CONDITIONS  IN   MINKS. 

In  the  ventilation  of  gaseous  seams,  the  air-current  may  be  rendered 
explosive  by  the  sudden  occurrence  of  any  one  of  a  number  of  circum- 
stances that  cannot  be  anticipated.  Among  these  are  the  following:  (1) 
Derangement  of  the  ventilating  current.  (2)  Sudden  increase  of  gas  aue  to 
outburts,  foils  of  roof,  feeders,  tall  of  barometric  pressure,  etc.  (8)  Presence 
of  coal  dust  thrown  into  suspension  in  the  air,  in  the  ordinary  working  of 
the  mine,  or  by  the  force  of  blasting  at  the  working  face,  or  by  a  blown-out, 
or  windy,  shot.  (4)  Pressure  due  to  a  heavy  blast,  or  any  concussion  of  the 
tar  caused  by  closing  of  doors,  etc.  (5)  Rapid  succession  of  shots  in  close 
workings.  (6)  Accidental  discharges  of  an  explosive  in  a  dirty  atmosphere. 
Any  or  all  of  these  causes  may  precipitate  an  explosion  at  any  moment. 
Hence,  the  condition  of  the  air-current^ould  be  maintained  far  within  the 
explosive  Ihnit.  The  explosive  conditions  vary  considerably  in  different 
coal  seams.  The  nature  of  the  coal  and  its  enclosing  strata,  its  fdability 
and  inflammability,  together  with  the  character  of  its  occluded  gases,  deter- 
mine,  to  a  large  extent,  the  explosive  conditions  in  the  seam.  Experience 
in  any  particular  seam  or  district  must  always  be  the  best  &:uide,  and  famish 
the  best  standard  for  determining  the  exploriveness  of  any  given  lamp 
flame.  For  example,  a  2"  flame  may  be  comparatively  safe  in  a  small  mine 
where  the  coal  is  hard  and  not  particularly  flammable,  while  a  W  flame 
cap  would  be  considered  unsafe  in  mines  where  the  conditions  are  more 
favorable  to  the  generation  of  gas  and  formation  of  coal  dust.  The  daily 
output  of  the  mine  and  the  general  care  that  is  enforced  upon  the  miners 
at  tne  working  face  are  factors  that  should  always  be  considered  and  taken 
into  serious  account  in  determining  explosive  conditions  (see  Testing  for 
Qas  by  Lamp  Flame). 

Derangement  of  Ventilating  Current— The  flow  of  the  air-current  must  be 
uniform  and  continuous.  Doors  must  be  kept  closed,  since  the  mere  setting 
open  of  a  door,  for  a  short  period  of  time,  is  sufficient  to  precipitate  a  serious 
explosion.  Apy  contemplated  change  in  the  current,  by  tne  erection  of 
brattices,  air  bridges,  stoppings,  etc.,  should  be  ccureftiUy  considered  before 
the  vrork  is  begun,  and  every  precaution  adopted  to  secure  the  safety  of  the 
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men.  Derangement  of  the  current  may  occur  throngfa  a  ftll  of  roof  upon 
the  main  airway,  by  which  the  area  of  the  airway  is  reduced,  which  results 
in  the  reduction  of  the  quantity  of  air  passing  in  the  mine.  If  this  foil  is 
not  noticed  at  once,  serious  results  may  happen.  The  utmost  vigilance  is 
therefore  required  on  the  part  of  fire  bosses  and  all  connected  with  mine 
workings.  The  failure  of  the  ventilating  apparatus  is  another  source  that 
gives  rise  to  the  derangement  of  the  current.  As  a  rule,  fhmaces  are  not 
now  employed  for  the  ventilation  of  gaseous  seams.  There  are,  however, 
some  fUmaces  in  use  in  such  seams,  and  these  require  constant  attention 
lest  the  fire  should  bum  low.  Upon  any  accident  occurrine  to  the  ventila- 
ting machinery,  notice  should  at  once  be  given  to  the  Inside  foreman,  and 
the  men  withdrawn  as  rapidly  as  possible. 

A  suddtn  inorssst  of  gas  may  occur  at  any  time  in  a  gaseous  seam,  owing 
to  an  outburst,  which  suddenly  yields  a  large  volume  of  gas  and  may 
render  the  mine  air  in  that  section  extremely  explosive.  The  men  working 
on  the  return  of  such  a  current  must  be  hastily  withdrawn,  and  all  lights 
extinguished.  A  heavy  £bl11  of  coal  in  the  mine  workinss  or  in  the  airways, 
or  the  tapping  of  a  large  gas  feeder,  produces  the  same  effect  in  a  less  degree. 
The  nearer  the  £eJ1  of  roof  takes  place  to  the  face  of  the  workings,  the  more 
liable  it  is  to  be  followed  with  a  large  flow  of  gas,  inasmuch  as  me  gas  near 
the  fkce  has  not  had  time  to  drain  off,  as  in  the  case  of  old  workings.  This 
fact  is  always  true  in  reference  to  new  workings  in  a  gaseous  seam.  The  gas 
continues  to  flow  freely  for  a  considerable  period,  when  its  flow  graduiulv 
decreases  until  it  about  ceases.  When  a  large  feeder  has  been  tapped,  it 
mav  be  plueged  for  a  time,  if  necessary,  but  the  better  practice  is  to  allow  it 
to  now  fireely  and  difiUse  into  the  air-current,  which  should  be  sufficiently 
increased  to  dilute  the  quantity  of  nis  given  off  and  to  render  it  inexploeive. 
The  men  upon  the  return  air  snould  be  notified.  It  is  dangerous  practice  to 
light  these  feeders. 

When  there  is  a  large  area  of  abandoned  workings  in  the  mine,  any 
considerable  &11  of  barometric  pressure  is  usually  followed  by  a  large 
outflow  of  gas  from  the  gobs  or  waste  places  of  the  mine.  A  fall  of  1  in.  m 
6  hours  represents  a  very  rapid  decrease  of  barometric  pressure.  At  all  large 
collieries  there  is,  or  shoula  be,  a  good  standard  barometer  located  upon  the 
surflace  near  the  shaft.  In  many  cases,  these  barometers  are  self-recording, 
and  are  often  provided  with  an  automatic  alarm  that  gives  warning  when- 
ever a  &11  of  barometric  pressure  occurs.  This  warning  should  at  once  be 
conveyed  to  the  men  in  the  workings,  and  every  precaution  adopted  to 
avoid  evil  results.  The  fact  is  fairly  well  established  that  a  fall  of  atmos- 
pheric pressure  is  not  followed  by  an  outflow  of  gas  firom  the  mine  workings 
for  the  space  of,  say,  8  hours  after  such  fall  occurs.  This  statement  must  be 
regarded  with  caution,  however,  as  it  largely  depends  on  the  condition  and 
extent  of  the  abandoned  workings.  Where  these  are  fhll  of  gas,  its  expan- 
sion affects  the  condition  of  the  airways  much  more  quickly  than  in  cai^ 
where  these  working  places  are  partly  ventilated. 

Effdot  of  Coal  Dust  In  MIso  Workings.— According  to  the  greater  or  less  flam- 
mability  of  the  coal,  the  presence  of  fine  dust  in  the  airways  and  workings  of 
the  mine  becomes  a  dimgerous  factor.  Certain  coals  are  extremely  mabte 
and  are  reduced  readily  to  fine  dust,  which  is  thrown  into  suspension  in  the 
air-current  by  the  ordinary  operations  of  the  miners  in  their  work,  as  wdl 
as  by  the  concus^on  of  the  air  from  numerous  causes,  and  by  the  movement 
of  cars  and  the  traveling  of  men  and  animals  upon  the  various  haul- 
ways  and  passageways.  For  a  long  time  it  was  questioned  whether  the 
presence  of^  dust  was  a  dangerous  factor,  except  where  there  was  also  a 
small  percentage  of  gas  in  the  air.  Evidence,  however,  has  well  established 
the  &ct  that  coal  dust  of  itself  is  a  dangerous  element,  and  may  often  be  the 
sole  cause  of  an  explosion,  when  acted  upon  by  a  flame  of  suffident  intensity 
and  magnitude.  The  action  of  the  flame  is  to  distil  carbonic-oxide  gas  CO 
ftom  the  fine  particles  of  dust  suspended  in  the  air.  The  explosion  of  the 
gas  thus  form^  causes  a  fiirther  disturbetnce  and  raises  a  larger  supply  of 
dust,  which  likewise  contributes  to  the  liberation  of  ftesh  quantities  of  gas. 
and  thus  an  explosion  is  generated  and  transmitted.  Small  quantities  oi 
marsh  gas  creatly  increase  the  violence  of  this  action,  but  explosions  in 
flouring  mills  and  well-ventilated  coal  bins  establish  the  &ct  that  8Q<di 
occurrences  are  not  dependent  on  the  presence  of  marsh  gas. 

Too  much  faith  must  not  be  placed  in  the  use  of  water  bv  sprinkling  Ibr 
laving  the  dust.  This  has  a  beneficial  effect  in  the  immediate  vicinity,  bat 
a  large  amount  of  water  is  inquired  to  render  an  untidy  working  plaoe  wtJh 
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ftt  flring  tbne.   Better  practice  is  to  allow  no  accumulations  of  dust  at  the 
&ce.    Tills  should  be  rm;ularly  loaded  out  with  the  coal. 

Presssro  ••  Afftoting  txpldsivd  Cosditiont.— Gaseous  mixtures  that  are  not 
explosive  in  the  ordinary  condition  of  a  mine,  often  become  explosive 
under  the  momentary  pressure  to  which  they  are  subjected  by  heavy 
blasting,  and,  in  some  instances,  this  may  occur  from  the  concussion 
of  the  air  caused  by  the  quick  shutting  of  a  door.  In  the  latter  case,  how- 
ever, the  explosive  condition  of  the  air  would  necessarily  have  to  be  close  to 
the  limit,  in  order  for  such  a  slight  occurrence  to  precipitate  an  explosion. 
The  fiaetor  of  pressure  as  increasing  the  exploidveness  of  gaseous  mixtures 
should  be  considered  and  constantly  borne  in  mind. 

Rspid  Suoettsldn  of  Shots  in  Clooo  Workings.— It  constantly  happens  that 
.two,  three,  or  more  shots  are  nred  by  means  of  Aise  or  touch  squibs  in  a 
single  chamber  or  heading,  where  the  circulation  of  air  is  not  always  the 
best.  The  practical  effect  is  that  a  considerable  quantity  of  carbonic-oxide 
gas  CfO  is  raoduced  by  the  firing  of  the  first  shot,  and  this  gas  does  not  have 
nme  to  diflhse  or  become  diluted  by  the  air-current  before  it  is  fired  by  the 
flame  of  the  following  shots.  An  explosion  may  often  be  precipitated  by  such 
an  occurrence,  if  the  workings  are  at  all  dusty.  Two  shots  at  the  most  are  all 
tibAt  should  be  fired  at  one  mne  in  a  close  chamber  or  heading. 

Mine  Eiplosions.— The  explosion  of  gas  in  a  mine  usually  arises  fh>m  the 
igrnition  of  an  explosive  mixture  of  gas  and  air  called  >i0aamp,  which  has 
accumulated  in  some  unused  chamber  or  cavity  of  the  roof,  or  in  the  waste 
places  of  the  mine,  and  has  been  ignited  by  a  naked  light,  by  the  fiame  of  a 
'  shot,  or  by  a  mine  fire.  The  initial  force  of  an  explosion  is  generally 
expended  locally,  but  the  flame  continues  to  feed  upon  the  carbonic-oxide 
gas  generated  by  the  incomplete  combustion  of  the  firedamp  mixture, 
and  distilled  also  from  the  coal  dust  thrown  into  the  air  by  the  ajdtation. 
Air  is  required  to  bum  this  carbonic-oxide  gas;  this  causes  the  flame  to 
travel  against  the  air-current,  or  in  the  direction  in  which  fresh  air  is  found. 
In  the  other  direction,  or  behind  the  explosion,  the  flame  is  soon  extin- 
guished in  its  own  trail  when  the  initial  force  of  the  explosion  is  expended. 
The  explosion  continues  to  travel  along  the  airways  against  the  current  as 
long  as  there  is  sufficient  gas  or  coal  dust  for  it  to  feed  upon,  or  until  its 
temperature  is  cooled  below  the  point  of  ignition,  by  some  cause  such  as,  f(n* 
example,  the  rapid  expansion  of  the  area  of  the  workings.  We  observe  the 
chief  &ctor  in  transmitting  an  explosion  is  the  presence  of  carbonic-oxide 
gas,  which  lengthens  the  flame  and  extends  the  effect. 

The  roooil  or  on  oxploslon  is  the  return  of  the  flame  along  the  path  that  it 
has  Just  traversed.  In  the  recoil,  the  flame  bums  more  quietly,  advances 
more  slowly,  and  travels  close  to  the  roof.  The  evidence  found  at  the  point 
where  a  recoil  took  place,  or  an  explosion  turned  bcuik,  has  been  sufficient 
to  establish  the  fi&ct  that  the  recoil  is  caused  primarily  by  a  cooling  of  the  tem- 
perature, probably  caused  very  largely  by  an  expansion  of  the  area  of  the 
airway,  soot  is  often  deposited  at  this  point  in  considerable  quantity,  if  the 
action  of  the  flame  is  not  such  as  to  consume  it.  This  fact  alone  shows  the 
combustion  at  this  point  to  have  been  incomplete.  Immediately  in  the  rear 
of  the  flame  is  a  mixture  of  carbonic-oxide  gas  CO,  which  bursts  into  flame 
at  the  sudden  stoppage  of  the  advancing  explosion.  This  is  rendered 
possible  by  the  flow  of  cold  air  ttom  the  adjacent  chambers  and  workings 
along  the  floor  of  the  airway.  The  flame  now  retreats,  burning  the  trail  of 
carbonio-oxide  gas  along  the  roof,  fed  by  the  cold  air  along  the  floor. 

To  ExpJoro  Worldngs  Aftor  o  Sorious  Explosion.— The  shafts  or  slopes  and  the 
ventilating  machinery  should  claim  the  flrat  attention  of  those  on  the 
sartBuce,  and  an  effi^rt  should  be  made  to  reach  the  bottom  as  expeditiously 
as  possible.  Assistance  ttom  neighboring  collieries,  both  in  the  way  of 
skilled  labor  and  advice,  should  also  be  requested.  Should  the  shaft  or  slope 
need  repairs  before  communication  between  top  and  bottom  is  restored,  tne 
person  in  charge  on  the  surface  should,  in  the  meantime,  see  that  props  of 
the  lengths  in  ordinary  use,  brattice  boards,  brattice  cloth,  and  nails  are 
brought  to  a  convenient  place  for  putting  on  the  cage  or  car,  and  he  ought 
also  to  collect  all  the  tools  likely  to  be  reauired,  such  as  axes,  saws,  ham- 
mers, etc.  It  is  also  important  that  rougn  tracings  of  the  workings  be 
prepared  for  the  use  of  the  leader  of  each  squad  of  explorers.  Officials  will 
understand  how  useftil  these  will  be  to  those  that  are  penetrating  into  work- 
ings about  which  every  man  of  his  squad  may  have  been  heretofore  ignorant. 

When  the  explorers  have  arrived  at  the  bottom  and  are  ready  to  proceed, 
there  should  be  for  each  section,  if  more  than  one  is  operated  upon,  two 
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managers,  each  haying  his  own  squad  of  men,  and  his  own  particular  duty 
to  do.  One  may  take  charge  of  restoring  the  ventilation,  the  inspection  of 
the  workings,  and  the  clearing  of  the  roads;  the  other  mav  appoint  and 
have  charge  of  the  bottom  man,  the  conveying  of  material,  ana  the  detailing 
of  stretcher  companies  where  required.  They  can  consult  and  help  each 
other  in  every  difficulty,  but  system  is  necessary  if  the  work  is  to  be  done  in 
the  shortest  i>ossible  time. 

The  manager  who  has  charge  of  the  men  in  ttout  should  appoint  two 
experienced  men  with  good  nerves  to  act  as  foremen,  Instructinff  them  to 
inspect  and  report  to  him  the  condition  of  the  workings  within  a  short 
radius.  He  should  then  form  the  rest  of  his  men  into,  say,  three  squads  of 
three  each,  who  will  work  toerether  at  stoppings  or  falls  imtil  separated  by 
him,  or  until  the  end  of  the  shift.  Being  near  the  bottom,  it  will  probably 
be  found  that  all  is  clear  for  three  or  four  breast  or  stoop  lengths,  and  stop- 
pings are  required  to  be  put  up.  Material  will  be  required  for  this,  and 
when  the  cage  is  first  sent  to  the  top  for  it,  it  should  not  be  kept  there  to 
enable  the  top  man  to  put  on  a  big  load,  but  it  should  be  sent  down  with  all 
despatch,  loaded  with  a  half  dozen  each  of  props  and  brattice .  boards,  with 
one  piece  of  cloth  and  nails.  This  will  allow  a  start  to  be  made,  and  will 
prevent  the  anxious  men  from  worrying  over  what  to  them  is  an  unac- 
countable delay.  Larger  loads  can  be  sent  down  in  subsequent  trips.  For 
convenience  in  carrying,  the  brattice  cloth  may  be  cut  in  lengths  to  suit  the 
ean^ways  or  headings  with  2  or  3  ft.  to  spare.  Squad  No.  1  should  be 
detailed  to  the  first  stopping.  This  may  be  put  up  with  boards  at  top  and 
bottom  and  cloth  between.  If  the  air-current  is  strong,  a  few  (tf  the  follow- 
ing stoppings  may  be  put  up  by  squads  No.  2  and  No.  3,  with  cloth  only 
stretched  between  two  props.  These  can  be  very  rapidly  put  up  and  will 
drive  the  ventilation  forwards,  thus  allowing  the  firemen  to  extend  rapidlv 
the  area  of  inspection.  These  stoppings  can  be  completed  by  No.  1  detaiL 
In  a  short  time  it  may  become  impossiDle  to  proceed  in  this  manner.  The 
foul  air  will  in  all  probability  become  more  difficult  to  dislodge,  and  eventu- 
ally one  detail  may  be  able  to  pift  up  stoppings  as  auickly  as  the  firedamp  or 
chokedamp  can  be  carried  off.  Part  of  what  may  be  called  the  ventilating 
detail  can  now  be  transferred  to  the  bearer  detail,  the  duties  of  the  latter 
having  become  heavier  as  the  stoppings  advanced.  It  is  not  an  ea^  task  to 
carry  props  long  distances  in  a  stooping  posture,  and  when  to  that  is  added, 
it  may  be,  the  carrying  out  of  the  living  or  deeid  bodies,  the  men  begin  to 
£stg  very  soon.  But  tne  person  in  charge  here  must  see  that  the  forward 
party  is  kept  in  material  for  stoppings  so  that  no  delay  may  occur  on  that 
account.    A  system  of  staging  gives  relief  to  the  carrying  parties. 

To  conclude  with  a  few  general  remarks:  Let  those  that  have  never  yet 
assisted  to  explore  a  mine  after  an  explosion  be  assured  of  this,  that  the 
chief  requisites  in  a  leader  are  a  capacity  for  hard  work  and  the  ability  to 
organize  his  men  into  a  system,  however  roughly,  whereby  work  will  be  bert 
forwarded.  It  will  not  speed  the  work  to  say  to  a  dozen  or  more  men, 
generally,  do  this  or  that,  neither  is  it  beneficial  to  allow  all  the  workmen 
to  discuss  matters  and  suggest  plans.  Those  in  charge  ought  to  arrange  what 
is  to  be  done.  Anything  else  results  in  noise  and  confhsion.  And  let  men 
that  are  sent  from  other  collieries  take  with  them  their  own  tools  and  lamps. 
Those  in  charge  ought  to  take  note  of  the  position,  eto.  of  bodies  found,  aiid 
of  every  point  which  is  likely  to  throw  light  on  the  cause  or  origin  of  the 
t|  explosion.    This  can  be  more  correctly  done  before  the  roads  are  disturbed 

by  dust  and  travel.  These  notes  might  not  only  be  the  means  of  ascertain- 
ing the  cause  of  explosion,  but  also  of  pointing  out  a  way  of  prevention  in 
the  Aiture. 

In  no  case  after  an  explosion  should  the  air-current  of  the  mine  be 
reversed  from  its  usual  course,  except  only  after  careAil  consideration, 
because  of  the  reliance  placed  by  the  entombed  workmen  on  their  knowl- 
edge of  the  direction  in  which  the  air  should  be  moving;  and  the  reversal 
of  the  current  may  drive  the  gases  of  the  explosion  upon  them  with  disas- 
trous results.  Conditions  must  be  allowed  to  remain  as  they  exist,  and  the 
rescuers  conform  themselves  to  such  conditions  in  the  best  manner  poadble. 


QUANTITY  OF  AIR   REQUIRED  FOR  VENTILATION. 

The  quantity  of  air  required  for  the  adequate  ventilation  of  a  mineean- 
not  be  stated  as  a  rule  applicable  in  every  case.  Regulations  that  would 
supply  a  proper  amount  of  air  for  the  ventilation  of  a  thick  seam  would  be 
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ftmnd  to  cause  great  inoonyenldnce  if  applied  without  modifitetion  to  the 
workings  in  a  thin  seam.  Likewise,  the  ventilation  of  an  old  mine  with 
extended  workings,  a  large  area  of  which  has  been  abandoned,  and  in  many 
cases  not  properly  sealedoff,  will  require,  naturally,  a  larger  quantity  of  lur 
per  capita  than  a  newly  opened  mine  or  shaft.  The  natural  conditions 
existing  in  rise  and  dip  workings,  with  respect  to  the  gases  that  may  be 
liberated  or  generated  in  those  workings,  call  for  the  modification  of  the 
quantity  of  air  required  in  each  case.  For  example,  dip  workings,  where 
much  luackdamp  Is  generated,  will  cequire  a  larger  quantity  of  air,  or 
higher  velocity  at  the  working  mce,  to  carry  off  such  damps;  and  rise  work- 
ines,  liberating  a  large  amount  of  marsh  gas,  will  likewise  require  a  higher 
Telocity  at  the  working  fiEice.  On  the  other  hand,  a  reversal  of  these 
conditions,  such  as  a  large  quantity  of  marsh  gas  being  liberated  in  dip 
workings,  or  a  similar  amount  of  blackdamp  being  generated  in  rise  work- 
ings, will  require  a  comparatively  low  velocity  of  the  air  at  each  respective 
working  place. 

Qusntitv  Rdquirtd  by  Ststt  Laws.— The  quantitv  of  air  required  by  the 
laws  of  the  several  States  is  generally  specified  as  100  cu.  ft.  per  man 
per  minute,  and  in  many  cases  an  additional  amount  of  500  cu.  ft  per 
animal  per  minute  is  stated.'  This  quantity  is  in  no  case  stated  as  the 
actual  amount  of  air  required  for  the  use  of  each  man  or  animal,  but  is  only 
the  result  of  experience,  as  showing  the  quantity  of  air  required  for  the 
proper  ventilation  of  the  average  mine,  based  on  the  number  of  men  and 
animals  employed.  The  number  of  men  employed  in  a  mine  is  an  indica- 
tion of  the  extent  of  the  working  face,  wnile  the  number  of  animals 
employed  is  an  indication  likewise  of  the  extent  of  the  haula^  roads,  or  the 
development  of  the  mine.  These  amounts  refer  particularly  to  non-gaseous 
seams. 

The  Bituminous  Mine  Law  of  Pennsylvania  specifies  that  there  shall  be 
not  less  than  100  cu.  ft.  per  minute  per  person  in  any  mlne»  while  150  cu.  ix. 
are  required  in  a  mine  where  firedamp  has  been  detected. 

The  Anthracite  Mine  Law  of  Penn^lvania  specifies  a  minimum  quantity 
of  200  cu.  ft.  per  minute  per  person,  i^h  of  these  laws  contains  modifying 
clauses,  whicn  specify  mat  tne  amount  of  air  in  circulation  shall  be  suflQcieni 
to  ** dilute,  render  narmless,  and  sweep  away"  smoke  and  noxious  or 
dangerous  gases. 

Qusntlty  of  Air  Reqilrsd  for  Dilution  of  Mino  Gssss.— To  determine  this 
requires  a  knowledge  of  the  quantity  of  gas  generated  or  liberated  in  the 
workings.  The  quantity  of  air  for  dflution  should  be  ample,  and  should  be 
such  as  not  to  permit  the  condition  of  the  current  to  approach  the  explosive 
point.    The  ventilation  should  be  ample  at  the  face. 

Qusntlty  of  -Air  Roquirtd  to  Produot  tho  Rooossarv  Voiooity  of  Curront  at  tlie 
Faoo.— This  consideration  modifies  considerably  tne  quantity  of  air  required 
for  the  ventilation  of  thick  and  thin  seams.  The  velocity  of  the  current  is 
dependent  not  only  on  the  quantity  of  air  in  circulation,  but  on  the  area  of  the 
air  passage.  This  area  is  quite  small  in  thin  seams,  and  often  very  laree  in 
thick  seams.  As  a  result,  the  velocity  is  often  low  at  the  face  of  thick 
seams,  and  insufficient  for  the  proi)er  ventilation  of  the  face,  although  the 
quantity  of  air  x)assing  into  such  a  mine  may  be  very  large.  A  certain 
velocity  of  the  current  is  always  required  in  order  to  sweep  away  the  gases. 
This  velocity  depends  on  the  character  of  the  gases  and  the  position  of  the 
workings.  Heavy  damps  are  hard  to  move  from  dip  workings  where  they 
have  accumulated;  and,  likewise,  lighter  damps  accumulating  at  the  face 
of  steep  pitches  are  hard  to  brush  away,  and  the  velocity  of  the  current  in 
these  cases  must  be  equal  to  the  task  of  driving  out  these  gases. 


ELEMENTS  IN  VENTILATION. 

The  elements  in  any  circulation  of  air  are  (a)  horsepower,  or  power 
applied;  (b)  resistance  of  the  airways,  or  mine  reastance,  which  gives  rise 
to  the  total  pressure  in  the  airway;  (c)  velocity  generated  by  the  power 
applied  against  the  mine  resistance. 

Horsepower  or  Power  of  the  Current— The  power  applied  is  often  spoken 
of  as  the  power  upon  the  air.  It  is  the  effective  power  of  the  ventilating 
motor,  whatever  this  may  be,  including  all  the  ventilating  agencies, 
whether  natural  or  otherwise.  The  power  ui>on  the  air  may  be  the  power 
exerted  by  a  motive  column  due  to  natural  causes,  or  to  a  mmace,  or  may 
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be  fh6  power  of  a  mechanical  motor.  The  power  upon  the  air  is  always 
meafimred  in  foot-pounds  per  minute,  which  expresseB  the  units  of  work 
accomplished  in  the  circulation. 

Mine  Rdslstanod.— The  resistance  offered  by  a  mine  to  the  passage  of  an 
air-current  or  the  mine  resistance,  is  due  to  the  friction  of  the  air  rubbing 
along  the  sides,  top,  and  bottom  or  the  air  passages.  Tliis  friction  causes  the 
total  ventilating  pressure  in  the  airway,  and  is  equal  to  it.  Calling  the 
resistance  J2,  the  unit  of  ventilating  pressure  (pressure  per  square  foot)  p, 
and  the  sectional  area  of  the  airway  a,  we  have,  £  =»  p  a;  that  is  to  say,  the 
total  pressure  is  equal  to  the  mine  reiSstance. 

Vdlooity  of  the  Air-Current— Whenever  a  given  power  is  applied  against  a 
given  resistance,  a  certain  velocity  results.  For  example,  if  the  ix>wer  u 
(foot-pounds  per  minute)  is  appli^  against  the  resistance  p  a,  a  velocity  v 
(feet  per  minute)  is  the  result;  and  mnce  the  total  pressure  p  a  moves  at 
the  velocity  v,  the  work  performed  each  minute  by  the  power  applied  is  the 
product  of  the  total  pressure  by  the  space  through  which  it  moves  per 
minute,  or  the  velocity.    Thus,  w  =  (p  a)  v. 

Relation  of  Power,  Pressure,  end  Veioolty.— The  relation  of  these  elements  of 
ventilation  is  not  a  simple  relation.  For  example,  a  ^ven  power  applied  to 
move  air  through  an  airway  establishes  a  certain  resistance  and  velocity  in 
the  airway.  The  resistance  of  the  airway  is  not  an  independent  factor;  that 
is  to  say,  it  does  not  exist  as  a  factor  of  the  airway  Independent  of  the 
velocity,  but  bears  a  certain  relation  to  the  velocity.  Potoer  ahoaya  producer 
resistance  and  vdocity,  and  these  two  factors  always  sustain  a  fixed  relation. 

This  relation  is  expressed  as  follows:  The  total  pressure  or  resistance  varies 
as  the  sqtuire  ctf  the  velocity;  i.  e.,  if  the  power  is  sufficient  to  double  the 
velocity,  the  pressure  will  be  increased  4  times;  if  the  power  is  sufficient  to 
multiply  the  velocity  3  times,  the  pressure  will  be  increased  9  times.  Thus, 
we  observe  that  a  change  of  power  applied  to  any  airway  means  both  a 
change  of  pressure  afld  a  change  of  velocity. 


Again,  since  the  power  is  expressed  by  the  equation  u  =  (o  a)  v,  and  since 
pa,  or  the  total  pressure,  varies  as  v2,  the  work  varies  as  t^.  From  this  it 
follows  that,  if  the  velocity  is  multiplied  by  2,  and,  consequently,  the  total 

Pressure  by  4,  the  work  performed  {pa)  v  will  be  multiplied  by  2*  =»  8.    We 
lus  l&im  that  thepotver  applied  varies  as  the  cube  qfthe  velocity. 


MEASUREMENT  OF  VENTILATING  OURRENT8. 

The  measurement  and  calculation  of  any  circulation  in  a  mine  airway 
includes  the  measurement  of  (a)  the  velocity  of  the  air-current,  (6)  of  pres- 
sure, (c)  of  temperature,  (d)  calculation  oi  pressure,  quantity,  and  horse- 
power of  the  circulation. 

These  measurements  should  be  made  at  a  point  in  the  airway  where  the 
airway  has  a  uniform  section  for  some  distance,  and  not  &r  from  the  foot  of 
the  downcast  shaft  or  the  fan  drift. 

Meesurement  of  Veloelty.— For  the  purpose  of  mine  inspection,  the  velocity 
of  the  air-current  should  be  measured  at  the  fbot  of  the  downcast,  at  the 
mouth  of  each  split  of  the  air-current,  and  at  each  inside  breakthrough,  in 
each  split.  These  measurements  are  necessary  in  order  to  show  that  all  the 
air  defflgned  for  each  split  passes  around  the  face  of  the  workings. 

The  measurement  of  the  velocity  of  a  current  is  best  made  by  means  of 
the  anemometer.  This  instrument  consists  of  a  vane  placed  in  a  cdrcular 
frame  and  having  its  blades  so  inclined  to  the  direction  of  its  motion  that 
I  ft.  of  lineal  velocity  in  the  passing  air-current  will  produce  1  revolution  of 
the  vane.  These  revolutions  are  recorded  by  means  of  several  pointers, 
each  having  a  separate  dial  upon  the  face  or  the  instrument  the  motion 
being  communicated  by  a  series  of  gear-wheels  arranged  decimally  to  each 
other.  Most  anemometers  are  provided  with  a  large  central  pointer  that 
makes  1  revolution  for  each  100  revolutions  of  the  vane.  The  dial  for  this 
pointer  is  marked  by  100  divisions,  which  record  the  number  of  lineal  feet 
of  velocity.  In  very  accurate  work  with  the  anemometer,  certain  constants 
are  used  as  suggested  by  the  instrument  maker,  but  these  constants  are  of 
little  value  in  ordinary  practice  and  are  of  doubtfUl  value  even  in  more 
accurate  observations. 

The  measurement  of  the  velocity  of  an  air-current  must  neceasarilT 
represent  only  approximately  the  true  velocity  in  the  airway.  The  adur 
travels  with  a  greater  velocity  in  the  center  of  the  idrway,  and  is  retarded  al 
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tbe  (ddea.  top,  and  bottom  b;  the  diction  of  thera  lar&ces.  Hence,  (lie 
>lr  (u  a  lsrg«  exMnl  rolls  upon  tbese  suifacee.  which  iiBturally  getieretea  an 
eddy  at  tbe  ridea  of  airways.  When  measuring  the  air.  the  anemomeler 
should  be  held  in  a  position  exactly  perpendicular  lo  the  direction  of  the 
current,  and  moved  to  occupy  dlaerent  positions  In  tbe  airway,  being 
held  >D  equal  time  In  each  position,  or  it  may  be  moved  continuously 
atouod  the  marglp  of  the  airway,  and  lhrou)[h  the  central  portion.  The 
perBOD  taking  the  obseirvatioa  should  observe  the  caution  of  not  obstniet- 
tng  tbe  ares  of  the  airway  by  hie  body,  ai  tbe  area  Is  thereby  reduced,  and 
tbe  velocity  of  the  current  fncreaaed.  Tbe  area  of  the  airway  Is  accurately 
measured  at  the  point  where  Che  observaUomi  are  t^en. 

To  obtain  the  quantity  of  air  paidng  (cubic  feet  per  minute),  multiply 
tbe  area  of  tbe  airway,  at  Ihe  point  where  the  velocity  Is  measuied,  by  the 
velocity. 

EXAHPLE.— The  anemomeler  glytm  a  reading  of  1.820  ft.  in  2  minales,  tne 
height  of  the  airway  Is  B  ft.  6  In.,  and  Its  aTerage  width  S  ft.  8  in.  Wliat 
volume  of  air  li  pasdng  Id  the  airway  per  mlnnteT 

«X»IX^  -  S7,180on.ft.perinln. 

Tbe  ■MHranist  *(  tht  <tntll*tlat  pnaura  I*  made  bymeani  of  a  watei 
column  In  tbe  tonn  of  a  water  gauge. 

Wslsr  e«i[(.— Tbe  water  gange  Is  simply  a  g!a»»  U  tnbe  onen  at  both  ends. 
Watst  to  placed  In  flie  bent  portion  of  tb-  '■■'—  — 


>wa  In 
!  tobe, 

In  tbe 
diSM- 


I   adjustal 
idusted  I 


water  column.  The 
Esro  of  tbe  scale  is  ad- 
justed t      ■ 


Pio.6 


tben  give  (he  reading  of  tbe  water  gauite.     One  end  of  the  glass  tnbe  le 
drawn  to  a  narrow  opening  to  eiclude  dast  while  the  other  end  la  bent  to 
a  ri|;ht  anele,  and  pasidng  back  tbroni-b  tbe  standard  to  which  the  tub-  '' 
attached,  is  cemented  Into  tbe  brasB  tube  thatpaSBes  Chroueh  a  hole  In 
partition  or  brattice,  when  tbe  water  gange  Is  in  nse.    The  bend  of  the  ' 
IS  contracted  to  reduce  tbe  tendency  to  osclllatton  In  the  height  of ' 


ri|;ht  anele,  and  (Msidng  back  tbrnngb  tbe  standard  to  which  tbe  tube  is 

tached.  is  cemented  into  tbe  brass  tube  that " *■  "  ■"■'"  '"  "■" 

partition  or  brattice,  when  tbe  water  gange  Is 
IS  contracted  to  reduce  tbe  tendency  to  obcID 
column.    (Bee  Fig;.  B.) 

When  in  use.  the  water  gause  must  be  In  a  perpendicular  podtlnn.  It  is 
placed  upon  a  brattice  occupying  a  position  between  two  airways,  aa  Bhown 
at  A,  Fig.  e.  The  bran  tube  forming  one  end  of  the  water  gauge  la 
Inserted  fn  a  cork,  and  passea  through  a  hole  bored  In  llie  brattice.  The 
water  gauge  must  not  be  subjected  (o  the  direct  force  of  tne  air-current,  as 
In  this  case  the  true  pressare  will  not  be  given.  Fig.  8  shows  the  InBtruinent 
as  occupying  a  position  In  the  breakthrough,  between  two  entries.  It  will 
be  observed  that  the  water  gauge  records  a  difference  of  presaire,  each  end 
of  tbe  water  gauge  bdng  anbject  to  atmospberlc  pressure,  hut  one  end  In 
sdditloD  being  nibject  to  the  ventilating  prenore,  which  la  the  dlB^rence  M 
13-A 
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pressure  between  the  two  entries.  The  water  gauge  thus  enables  ns  to 
measure  the  resistance  of  the  mine  iribye  from  its  position  between  two 
airways.  If  placed  in  the  first  breakthrough,  at  the  foot  of  the  shaft,  it 
measures  the  entire  resistance  of  the  mine,  but  if  placed  at  the  mouth  of  a 
split,  it  measures  onljr  the  resistance  of  that  split.  It  never  measures  the 
resistance  (/iMyye  fix>m  its  position  in  the  mine,  but  always  inbye  (see  Calcula- 
tion of  Pressure). 

Mtssurtment  of  Tdrnpersturd.— It  is  important  to  measure  the  temperature 
of  the  air-current  at  the  point  where  the  velocity  is  measured,  as  me  tem- 
perature is  an  important  factor  of  the  volume  of  air  passing  (see  Expan- 
sion of  Air  and  Gases,  etc.). 

Thermomottrs.— Thermometers  measure  changes  in  the  temperature  of  the 
atmosphere  by  the  contraction  and  expansion  of  mercury  or  niirits;  or  they 
may  be  made  entirely  of  metal,  and  the  changes  of  temperature  are  then 
measured  by  the  expansion  and  contraction  of  the  sensitive  metallic 
portion.  These  latter  are  known  as  aneroid  thermometers.  The  Fahren- 
heit thermometer  is  the  one  most  commonly  used  in  America.  By  this 
scale,  the  freezing  point  of  water  at  the  sea  level  isplaced  at  32°  above  zero; 
the  boiling  point  of  water  at  sea  level  is  placed  at  212°  above  zero,  so  that  the 
space  between  these  two  points  is  divided  into  180°. 

Reaumur  and  Centigrade  thermometers  are  used  on  the  continent  of 
Euroi>e.  Of  these  two,  the  first  is  generally  used  in  Germany,  and  ihe 
second  in  France,  but  the  latter  is  almost  exclusively  used  by  the  scientiats 
of  all  nations. 

In  the  R^umur  thermometer,  the  fi-eezing  and  boiling  points  are  placed 
at  0°  and  80°,  respectively.  In  the  Centigrade,  the  frciang  and  boiling 
points  are  placed  at  0°  and  100°,  respectively. 

To  Ccnvort  Fahrenheit  Into  Centigrado.— (1)  Subtract  32  and  divide  the 
remainder  by  1.8,  or  multiply  by  |. 

If  a  Fahrenheit  thermometer  registers  167°,  what  will  be  the  register  by  a 
Centigrade  thermometer? 

i?^^  =-  76°  Centigrade.   (^^7-32)5  _  ^^^  centigrade. 

To  Convert  Centigrade  Into  Fahrenheit— (1)  Multiply  by  1.8,  or  |,  and  add  32. 
If  the  Centigrade  thermometer  registers  75°,  what  will  be  the  register  by  a 
Fahrenheit  thermometer? 

76  X  1.8  +  32  =  167°  Fahrenheit.     ^^^  -f  82  -  167°  IWirenheit 

o 

To  Convert  Fahrenheit  Into  R^aumor.— (1)  Subtract  '82,  and  divide  by  2.25, 
or  multirfy  by  *. 

If  the  Fahreimeit  thermometer  registers  113°,  what  will  be  the  register  by 
the  B^umur  thermometer? 

113—32       «^«^,                 (113-32)4       „^-,. 
.^^      =  36°  Reaumur. — '—  =  86°  Reaumur. 

2.25  V 

To  Convert  Reaumur  Into  Fahrenheit— (1)  Multiply  by  2.25,  or  multiply  by  |, 
and  add  32. 

If  the  Reaumur  thermometer  registers  36°,  what  will  be  the  register  by 
the  Fahrenheit  thermometer? 

86X2.25  +  32  =  113° Fahrenheit      ^^^+82  -  113° Fahrenheit 

4 

To  Convert  Reaumur  Into  Centigrade.— Multiply  by  1.25. 
If  a  Reaumur  thermometer  registers  32°,  what  will  be  the  register  by 
a  Centigrade  thermometer? 

32  y  1.25  =  40°  Centigrade. 
To  Convert  Centigrade  Into  Reaumur.— Multiply  by  .8. 
If  a  Centigrade  thermometer  registers  40°,  what  will  be  the  register  hf 
a  Reaumur  thermometer? 

40  X  .8  =  32P  R6aumur. 
Caloulation  of  Mine  Reslstanoe.— The  mine  resistance  is  equal  to  the  total 

J>re8sure  pa  that  it  causes.  This  mine  resistance  is  dependent  upon  three 
actors:  {a)  The  resistance  k  offered  by  1  sq.  ft  of  rubbing  surfltce  to 
a  current  having  a  velocity  of  1  ft.  per  minute.  The  coefficient  cffrictUm  *, 
or  the  unU  cj  resistance,  is  the  resistance  offered  by  the  unit  of  rubbing  sar* 
lace  to  a  current  of  a  unit  velocity.  This  unit  resistimce  has  been  yarioudy 
estimated  by  different  authorities  (see  following  table).  The  value  most 
aniversally  accepted,  however,  is  that  known  as  the  Atkinion  ooefficient 
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(.0000000217).  (6)  The  mine  resistanoe,  which  varies  as  the  square  of  the 
velocity,  (c)  The  rubbing  surface.  Hence,  if  we  multiply  the  unit  resist- 
ance by  the  square  of  the  velocity,  and  by  the  rubbing  surfiice,  we  will 
obtain  the  total  mine  resistance  as  expressed  by  the  formula  pa  =  ksi^. 

Tablb  of  Vabious  Coefficients  of  Fbiction  of  Aib  in  Mines. 

PreMore  par 

Bq.  Ft.  DMimida 

«f  •  PcNiaa. 

J.  J.  Atkinson's  treatise 0000000217 

A.  Devillez  in  Ventilation  des  Mines: 

Forchies / .000000008211 

Crachet-Picquery 000000008928 

Grand  Baisson. 000000008611 

Average  of  2,  3,  and  4 000000008585 

Used  in  Ventilation  des  Mines 000000009511 

Arched  Tunnels 000000002118 

Alonff  a  working  fiuie  of  coal 000000014266 

O.  G.  Anore,  Atmosphere  of  Ck>al  Mines 000000022424 

Peclet,  Cheminee  (Devillez,  p.  112) 000000008697 

D.  K.  Clark 000000002272 

According  to  (Jtoupilliere's  Cours  d'  Exploitation  des  Mines, 
Vol.  n,  p.  389: 

D'Aubuisson 000000001966 

Navier 000000001872 

W.  Fairley .00000001 

J.  Stanley  Jamea .00000000929 

D.  Murgue ~ 000000008242 

It  will  be  observed  that  J.  J.  Atkinson's  coefficient  is  greatly  in  excess  of 
any  other,  with  the  exception  of  Andre's.  Fairley's  is  derived  from  an 
average  taken  between  Atkinson,  Devillez,  and  Clark,  and,  undoubtedly,  it 
is  an  exceedingly  simple  coefficient  to  work  out  calculations  with,  as  it  will 
save  a  great  mass  of  figures.  James,  in  his  work  on  colliery  ventilation, 
reduces  the  coefficient  still  Airther  on  the  authority  of  the  Belgian  Mine 
Commission,  but  he  gives  a  most  unwieldy  figure  to  use. 

Atkinson^s  figure  is  the  one  most  in  use,  andif  it  is  too  high,  it  errs  on  the 
side  of  safety,  and  it  is  always  advisable  to  have  plenty  of  spare  ventilating 
power  at  a  mine.    For  this  reason,  and  until  a  r^fular  and  thorough  investi- 

Sation,  made  by  a  commission  of  competent  men,  provides  a  standard  coef- 
cient,  we  prefer  to  abide  by  Atkinson's  coefficient,  and  it  is  used  in  all  our 
calculations. 

Ctloulation  of  Power,  or  Units  of  Work  per  Minutt.— If  we  multiply  the  total 
pressure  by  the  velocity  (feet  per  minute)  with  which  it  moves,  we  obtain  the 
units  of  work  per  minute,  or  the  power  upon  the  air.  Hence,  u  =  pav  '^ 
h  8  v*,  which  is  the  ftmdamental  expression  for  work  per  minute^  or  power. 

The  Equivslent  Orifice.— This  term,  often  used  in  regard  to  ventilation, 
Evaluates  the  mine  reeistance,  or,  as  will  be  seen  from  the  equation  given 
below  for  its  value,  it  expresses  the  ratio  that  exists  between  the  quantity 
of  air  passing  in  an  airway  and  the  pressure  or  water  gauge  that  is  produced 
by  the  circulation.  This  term  was  suggested  by  M.  Daniel  Murgue,  and 
refers  to  the  flow  of  a  fluid  through  an  oriflce  in  a  thin  plate,  under  a  given 
head.    The  formula  expressing  the  velocity  of  flow  through  such  an  oriflce 

is  V  =>  1/20  A;  multiplying  both  members  of  this  equation  by  A,  and  substi- 
tuting for  the  flrst  membe^  A  v,  its  value  9,  we  have,  after  transposing  and 

correcting  for  vena  contrada^  A  =-  7=.  in  which  .62  is  the  coefficient  for 

My2gh 
the  vena  contracta  of  the  flow.    Reducing  this  to  cubic  feet  per  minute  and 
inches  of  water  gauge  represented  by  t,  we  have,  flnally,  the  equation 

A  =>  .0004  X  -~.    By  this  formula,  Murgue  has  suggested  assimilating  the 

yi 

flow  of  air  through  a  mine  to  the  flow  of  a  fluid  through  a  thin  plate;  since, 
in  each  case,  the  quantity  and  the  head  or  pressure  vary  in  the  same  ratio. 
Thtw,  applying  this  formula  to  a  mine,  Murgue  multiplies  the  ratio  of  the 
quantity  of  air  passing  (cubic  feet  per  minute)  and  the  square  root  of  the 
water  gause  (inches)  by  .0004,  and  obtains  an  area  A^  which  he  calls 
the  equivalent  orifice  of  the  mine. 

Pottntisi  Fsotor  of  a  Mint.    {Proposed  by  J.  T.  B«ard.)— Equations  8  and  27, 


r 


With  respect  to  power, 


368  VENTILA  TION  OF  MINES, 

pages  370-971,  giye.  respectively,  the  pressure  and  the  power  that  will  circa- 
late  a  given  quantity  of  air  per  minute  in  a  given  airway.  These  equations 
may  be  written  as  equal  ratios,  expressed  in  factors  of  the  current  and  the 

airway,  respectively;  thus,  ^  =  — g .  and  ^  =  ■^»  which  show  that  the  ratio 

between  the  pressure  and  the  square  or  the  quantity  U  circulates  in  any 
given  airway  is  equal  to  the  ratio  between  the  power  and  the  cube  of  the 
quantity  it  circulates.    Solving  each  of  these  equations  with  respect  to  9, 
we  have  the  following: 
With  respect  to  pressure. 

Hence,  we  observe  that,  in  any  airway, /or  a  eonxtant  presturet  the  quan- 
tity of  air  in  circulation  is  proportional  to  the  expression  OA/jp;  and, /or  a 

constant  power^  the  quantity  is  proportional  to  the  expression  -^ ,  which 

yhs 
terms  are  called  the  potenUals  of  the  mine  with  respect  to  pressure  and 

power,  respectively;  and  their  values  -^  and  -^  are  the  potentials  of  the 

Vp  Ft* 

current  with  respect  to  pressure  and  power,  respectively.  These  factors,  it 
will  be  observed,  evaluate  the  airway,  as  they  determine  the  quanti^  of  air 
a  given  pressure  or  power  will  circulate  m  that  airway  (cubic  feet  per 
minute).  By  their  use,  the  relative  quantities  of  air  any  given  pressure  or 
IMJwer  will  circulate  in  diflferent  airways  are  readily  determined.  The  rule 
may  be  stated  as  follows: 

Ruie. — For  any  given  pressure  or  power ^  the  quanUtu  of  air  in  circtUation  is 
always  proportional  to  the  potenMal  for  pressure,  or  the  potential  for  power ^  as 
the  case  may  he. 

This  rule  finds  important  application  in  splitting  (see  Calculation  of 
Natural  Splitting).  In  all  cases  where  the  potential  Is  used  as  a  ratio,  the 
relative  potential  may  be  employed  by  omitnng  the  factor  *;  or  it  may  be 
employed  to  obtain  the  pressure  and  power,  in  several  splits  by  multiplying 
the  final  result  by  k  (see  Formulas  46, 47,  etc.,  page  878). 

Example.—  20,000  cu.  ft.  of  air  is  passing  In  a  mine  in  which  the  airway 
is  6  ft.  X  8  ft.,  and  10.000  ft.  long,  under  a  certain  pressure;  it  is  required  to 
find  what  quantity  or  air  this  same  pressure  will  circulate  in  a  mine  in  which 
the  airway  is  6  ft.  X  12  ft.,  and  8,000  ft.  long. 

Calculating  the  potential  Xp  with  respect  to  the  pressure  for  each 
of  these   mines,    or   airways,   we   have,  using   the   relative  potential, 

6X12 


^^=^><W206TVfx\o,OOO  =-^2845.  and  X,- 6X12^^^^ 

=  1.1384.  Since  the  ratio  of  the  quantities  is  equal  to  the  ratio  of  the 
potentials  with  respect  to  pressure,  in  these  two  mines,  we  write  the  propor- 
tion 20,000 :  g,  ::  .62846 : 1.1384,  and  g,  =  ^'T,^A'^^  =  36,229  cu.  ft.  per 
min.  .oi»4o 

Example.—  20.000  cu.  ft.  of  air  is  passing  in  a  mine  in  which  the  airway 
is  6  ft.  X  8  ft.,  and  10,000  ft.  long,  under  a  certain  power;  it  is  required  to  find 
what  quantity  of  air  will  be  circulated  by  this  same  power  in  a  mine  in 
which  the  airway  is  6  ft.  X  12  ft.,  and  8,000  ft.  long. 

We  calculate  the  potential  Xu  with  respect  to  power  for  each  of  these 

A  \^  ft 

mines,  using,  as  before,  the  relative  potential.    Thus,  Xi  =   .. 

6X12  r  2(6  + 8)  X  10.009 

-«  .7837,  and  X,  =  ^     =  1.0905.  Then,  in  this  case,  since  the 

#^2(6  4- 12)  X  8,000 

ratio  of  the  quantities  is  equal   to  the  ratio  of  the  potentials  witli 


POTENTIAL  FACTOR. 


respect  to  power,  we  write  the  proportton,  20,000  :  a  : :  .7887  :  1.0906,  and 

The  following  table  will  serve  to  illustrate  the  use  of  the  formulas 
employed  in  these  calculations.  It  will  be  observed  that  there  are 
several  formulas  for  quantity,  and  for  velocity,  and  for  work  or  horse- 
power, but  in  each  respective  case  the  several  formulas  are  derived  by 
simple  transposition  of  the  terms  of  the  ori&:inal  formula,  and  are  tabulated 
here  for  convenience.  Choice  must  be  made  in  the  use  of  any  of  these  for- 
mulas, according  to  the  known  terms  in  each  example.  Thus,  an  example 
may  ask:  What  pressure  will  be  produced  in  passing  a  siven  quantity  of  edr 
through  a  certain  mine,  the  size  and  lengtn  of  the  airways  being  given? 

We  then  use  the  formula  p  =  — ~.    But  if  the  question  asks  what  quan- 
tity of  air  a  given  pressure  will  produce  in  this  same  mine,  we  use  the 

formula  q  —  '\/f-  X  a.    It  will  be  observed  that  this  second  formula  is  a 

simple  transposition  of  the  first. 

In  like  manner  the  question  may  be  asked,  what  power  will  produce  a 
certain  quantity  of  air  in  a  certain  airway;  and  the  exprewion  used,  in  this 

case,  is  u  =  — ^.    Or,  the  question  may  be  asked,  what  quantity  of  air  will 

be  produced  in  a  given  airway  by  means  of  a  certain  i>ower  or  work  applied 


to  the  airway.    In  this  case,  the  formula  used  is  g  =  a 


ka 


If  the  ques- 


tion asks  for  the  power  required  to  produce  a  given  velocity  in  a  given  air- 
way, the  formula  employed  is  u  =  kai^.    All  of  these  formulas  are  derived 

by  cpmbining  the  simple  formulas  p  =  -*-;;—,  q  =  av,  and  u  =  qp. 


a 


To  illustrate  the  use  of  the  formulas,  we  take  as  an  example  an  under- 
ground road,  5  ft.  wide  by  4  ft.  high,  and  2.000  ft.  in  length,  and  calculate  the 
value  of  eacn  symbol  or  letter,  assuming  a  velocity  of  500  ft.  per  minute. 


Area  of  airway  (6  ft.  X  4  ft.) 

Horsepower*  

CoeflScientoffWctiont 

Length  of  airway   

Perimeter  of  airway,  2(5  ft.  -f  4  ft.)  

Pressure  (lb.  persq.  ft.) 

Quantity  of  air  (cu.  ft.  per  min.)    

Area  of  rubbing  surface 

Units  of  work  per  minute  (power) 

Velocity  (ft.  per  min.) 

Water  gauge 

Equivalent  orifice  of  the  mine 

Potential  for  power  

Potential  for  pressure 

Weight  of  1  cu.  ft.  of  downcast  air. 

Monve  column  (downcast  air)   

Depth  of  ftimace  shaft 

Average  temperature  of  the  upcast  column.. 
Average  temperature  of  the  downcast  column 


Valoe  of  Symbol  for  thli 
Partioolar  Example. 


20  Sq.  ft. 
2.969  H.  P. 
.0000000217  lb. 
2,000  ft. 
18  ft. 
9.766  lb. 
10,000  CU.  ft. 
86,000  sq.  ft. 
97,650  ft.-lb. 
600  ft. 
1.87788  in. 
2.919  sq.  ft. 
217.16  unita. 
3,200  units. 
.080981b. 
120.5  ft. 
306.77  ft. 
350°  P. 
Z'JPF. 


*  A  honepower  Is  equal  to  S3,000  onits  of  work. 

tThls  coeffloient  of  IHctlon  is  an  invariable  quantity,  and  is  the  same  In  every  ealenlatioB 
relating  to  the  friction  of  air  in  mines. 

Note.— The  water  gauge  is  calculated  to  five  decimal  places  to  enable  all 
the  other  values  to  be  accurately  arrived  at.  In  practice,  it  is  only  read  to 
one  decimal  place. 


r 
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FORMULAS. 

On  the  right  side  of  each  formula,  the  yariOus  calculatioiis,  based  on  the 
example  given,  are  worked  out  in  figures. 


To  Find: 


Rubbing  sur- 
£Etce  of  an  air- 
way. (Sq.ft.) 


Area  of  an 
airway.  (Sq.ft.) 


Velocity. 
(Ftpermin.) 


No. 


Pressure. 
(Lb.  per  sq.ft.) 


6 


Water  gauge. 
(Inches.) 


Resistance  of 
an  airway. 
(Total  pressure, 


8 

9 

10 
11 

12 
13 


14 


15 
16 


Formula. 


8 

= 

lo 

a 

= 

9 

V 

a 


V  = 


V 


V  = 


8     tt 


k8 
ks 


pa 


ksv^ 

a* 

u 
p  =  — 

p  =  Mw 
p  =  5.2  i 
9* 


P  = 


«• 


5.2 


pa  =«  ifc«v« 


u 
pa  =  - 


Specimen  Calculation. 


2,000  X  18  =  36,000  sq.  ft. 


10.000 
500 


=  20  8q.  ft.  ofarea. 


10,000 
20 


500  ft 


il: 


97,650 


0000000217  X  86,000 


V: 


9.765  X  20 


0000000217  X  36,000 
97,650 


500  ft. 
500  fb. 


9.765  X  20 


=  500  ft. 


.0000000217  X  36,000  X  500« 


20 


9.7651b. 


.0000000217  X  36,000  X  10,000» 


97,650 


208 
9.7651b. 

=  9.765  lb. 


10,000 

120.58  X  .08098  =  9.765  lb. 
5.2X1.87788  =  9.7651b. 
10,000« 


( 


217.165 

10,000\« 
8,200/  ' 


9.765  lb. 
=  9.7651b. 


9.765 
5.2 


1.87788  in. 


.0000000217  X  36,000  X  500« 
97,650 


195J)Ib. 


600 


195.81b. 
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To  Find: 


Quantity. 
(Cu.ft.perinin) 


Units  of  work 
per  minute,  or 
power  on  the 
air. 
(Ft.-lb.permin) 


Horsepower. 


Power  poten- 
tial. 
(Units.) 


No. 


17 

18 

19 

20 

21 
22 
23 


24 
25 
26 

27 

28 
29 

80 


81 


32 


88 


34 


Formula. 


av 


u 


pa 


k8 


u 


k8 


Xa 


Xa 


u  =  avp 

u  >=*  qp 

u  =  kav^ 


u 


u  ->  A33,000 


tt  = 


33,000 


a 
kt 

JL 


Specimen  Calculation. 


20  X  500  -  10,000  cu.  ft. 
^^^- 10,000  cu.  ft. 


4 


9.765  X  20 


.0000000217  X  36,000 
—  10,000  cu.  ft. 


i 


97,650 


0000000217  X  36,000 
<-  10,000  CU.  ft. 


X20 


X20 


217.16  X  f  97;650  =-  10,000  cu.  ft. 

^3,200«  X  97,660  =  10,000  cu.  ft. 

8,200  X  1/9J66  —  10,000  cu.  ft. 


20  X  600  X  9.765  =  97,650  ft.-lb. 

10,000  X  9.765  =  97,650  ft.-lb. 

.0000000217  X  36,000  X  500* 
=  97,650  ft.-lb. 

.0000000217  X  86,000  X  10,000» 

203 
=  97,650  ft.-lb. 

2.959  X  88,000  =-  97,650  ft.-lb. 

10,000» 


217.16» 

10,00^ 
"3,2002 


97,650  ft.-lb. 
97,650  ft.-lb. 


97.660 
33,000 


2.959  H.  P. 


20 


217.16  unit« 


#^.0000000217  X  36,000 

217.16  units. 
> 

10,000 


8/10,00^ 
\  ».765 


#^97,650 


217.16  units. 
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To  Find: 


Pressure  poten- 
tial. 
(Units.) 


No. 


Formula. 


Equivalent 
orifice. 
(Sq.  ft.) 


Motiyeoolumn, 

downcast  air. 

(Feet.) 


Motivecolumn, 

upcast  air. 

(Feet.) 


85 


36 


37 


88 
89 


40 


89 


^ 


^ 


Q 


Specimen  Calculation. 


.        .0004q 


Jf=2>X 


T-t 
469+T 


w 


M^DX 


T-t 
459  +  < 


w 


V20 
.0000000217  X  86,000 
»  8,200  units. 


10.000 
1/9:765 


8,200  units. 


.0004  X  10,000 
|/L87788 


2.919  aq.  ft. 


806.77  X 


850  —  32 


459  +  350 
9.765 


120.5  ft. 


.08098 


-  120.5ft. 


306.77X^  ■  ^  -  198.7ft. 


459  +  32 
9.765 


.04915 


198.7  ft. 


Variation  of  the  Elemontt.— In  the  illustration  of  the  fbr^inf  table,  we 
have  assumed  fixed  conditions  of  motive  column,  as  well  as  fixed  conditions 
in  the  mine  airways.  It  is  often  convenient,  however,  to  know  how  the 
difi'erent  elements,  as  velocity  v.  quantity  q,  pressure  p,  power  u,  etc.,  will 
vary  in  different  circulations;  since  we  may,  by  this  means,  compare  the 
circulations  in  different  airways,  or  the  results  obtained  by  applying  difi'erent 
pressures  and  powers  to  the  same  airway.  These  laws  or  variaBon  must 
always  be  applied  with  great  ciu*e.  For  example,  before  we  can  ascertain 
how  the  quantity  in  circulation  will  varv  in  different  airways,  we  must 
know  whether  the  'pressure  or  the  power  is  constant  or  the  same  for  each 
airway.    The  following  rules  may  always  be  applied: 

For  a  oonttant  pretture:  v  varies  as  \y-\  9  varies  as O'i/t-  (relative poten- 
tial for  pressure). 

For  a  oonstant  power:    v  varies  as  -^7==;   q  varies  as  -=7=  (relative  potential 

for  power). 

For  a  oonstant  veloolty:    q  varies  as  a;   p  varies  as  — ;   u  varies  as  lo. 

For  ^  oonstant  (|uantlty:  v  varies  inversely  as  a;  p  varies  invertd^  as  Z^ 
(potential  for  power);  u  varies  inversely  as  X^  (potential  for  power)  or 
directly  asp. 

^or  the  same  airway:    The  following  terms  vary  as  each  othen   v,  9, 

Similar  Airways. 
r  »  length  of  similar  side,jor  similar  dimension. 

For  a  oonatant  pressure:    v  varies  as  -W^;   q  varies  as  t*  X  '\/t; 
l^^  or  f^r?. 


rvaitesas 


^ 


jusTMaunaN  of  ajol  873 

For  •  OMStait  pffftn   «Taiiefm8^p=;   9  Ttiiei  ai  r  x -f/j;   rvariefms 
For  ■  eoMitiit  vtlotlty:   9  Tirief  tm  H;  p  vmiief  ai  -;   u  fariet  ms  Ir, 

—     I  M 

r  varies  as  y^q,  —,  or  -j. 

For  •  ooootsnt  fooatity:   «  varies  invendy  as  r*;  p  and  «  var]r  ifwertdy  as 

FuBNACB  Ventilation. 

p  (motive  column)  varies  as  D;   q  varies  as  )/?. 

Fan  Ventilation. 

It  has  been  costomary  in  calculations  pertaining  to  the  yield  of  centriF> 
ugal  ventilators  to  assume  as  follows:  q  varies  as  n;  p  varies  as  11^ 
u  varies  as  n\ 

More  recent  investigation,  however,  shows  that  when  we  double  the 
speed  we  do  not  obtain  double  the  quantity  of  air  in  circulation;  or,  in  othei 
words,  the  quantity  does  not  vary  exactly  as  the  number  of  revolutions  of 
the  fui.  Investisation  also  points  to  the  fact  that  the  efficiency  of  centrif- 
ugal ventilators  aecrecuea  as  the  speed  incretises.  To  what  extent  this  is  the 
case  has  not  been  thoroughly  established.  The  variation  between  the  speed 
of  a  fiEin  and  the  quantity,  pressure,  power,  and  efficiency,  as  calculated  nrom 
a  large  number  of  reliable  fiEin  tests,  may  be  stated  as  follows: 

For  the  tomo  fon,  discharging  against  a  constant  potential:  q  varies  as  n-^. 
p  varies  as  n  >••♦.    Complement  qf  eMciency  (1  —  iQ  varies  as  n*<". 

The  efficiency  here  referred  to  is  the  mechanical  efficiency,  or  the  ratio 
between  the  effective  work  qp  and  the  theoretical  work  of  the  un. 


DISTRIBUTION  OF  AIR  IN  MINE  VENTILATION. 

When  a  mine  is  first  opened,  the  air  is  conducted  in  a  single  current 
around  the  fieice  of  all  the  headings  and  workings,  and  returns  again  to  the 
upcast  shaft,  where  it  is  discharged  into  the  atmosphere.  As  the  develop- 
ment of  the  mine  advances,  however,  it  becomes  necessary  to  divide  the  air 
into  two  or  more  splits  or  currents.  This  division  or  splitting  of  the  air- 
current  is  usually  accomplished  at  the  foot  of  the  downcast,  or  as  soon  as 
possible  after  the  current  enters  the  mine.  There  are  several  reasons  why 
the  air-current  should  be  thus  divided.  The  most  important  reason  is  that 
the  mine  is  thereby  divided  into  separate  districts,  each  of  which  has  its 
own  ventilating  current,  which  may  be  increased  or  decreased  at  will. 
Fresh  air  is  thus  obtained  at  the  face  of  the  workings,  and  the  ventilation  is 
under  more  perfect  control.  It  often  happens  that  certain  portions  of  a  mine 
are  more  gaseous  than  others,  and  it  is  necessary  to  increase  the  volume  of 
air  in  these  portions,  which  can  be  readily  accomplished  when  each  district 
has  its  own  separate  circulation.  Again,  the  snses  and  foul  air  are  not 
conducted  fTom  one  district  to  another,  but  each  district  is  supplied  with 
fresh  air  direct  fTom  the  main  intake.  Should  an  explosion  occur  in  any 
part  of  the  mine,  it  is  more  apt  to  be  confined  to  one  locality  when  a  mine  u 
thus  divided  into  separate  districts.  Another  consideration  is  the  reduced 
power  necessary  to  accomplish  the  same  circulation  in  the  mine;'  or  the 
increased  (dreulation  obtained  by  the  use  of  the  same  power. 

Roquiremontt  of  Law  in  Rogord  to  Splitting.— The  Anthracite  Mine  Law  of 
Pennsylvuiia  specifies  that  every  mise  employing  more  than  75  persons 
must  be  divided  into  two  or  more  ventilanng  districts,  thus  limiting  the 
number  that  are  allowed  to  work  on  one  air-current  to  76  persons.  The 
Bituminous  Mine  Law  of  Pennsylvania  limits  the  number  allowed  to  work 
upon  one  current  to  66  persons,  except  in  special  cases,  where  this  number 
may  be  increased  to  100  persons  at  the  discretion  of  the  mine  inspector. 

Prsotiool  Splitting  of  tiio  Air-Current— When  the  air-current  is  divided  into 
two  or  more  branches,  it  is  said  to  be  split  The  current  may  be  divided  one 
or  more  times;  when  split  or  divided  once,  the  current  is  said  to  be  traveling 


r 
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In  two  tpHU,  each  branch  being  tenned  a  split.  The  number  of  splits  in 
which  a  current  is  made  to  trayel  is  understood  as  the  number  of  separate 
currents  in  the  mine,  and  not  as  the  number  of  diviaiona  of  the  current. 

Primary  S  pi  Its.— When  the  main  air-current  is  divided  into  two  or  more 
splits,  each  of  these  is  called  a  primary  split. 

Seobndsrv  $plits.~Secondary  splits  are  the  diyisions  of  a  primary  split. 

Ttrtisry  Splita.^Tertiary  splits  result  from  the  diyislon  of  a  secondary  split. 

EqusI  Splitt  of  Air.—When  a  mine  is  spoken  of  as  haying  two  or  more  equal 
apUta,  it  is  understood  to  mean  that  the  length  and  the  size  of  the  separate 
airways  forming  those  splits  are  equal  in  each  case.  It  follows,  of  course, 
from  this  that  the  ventilating  current  traveling  in  each  split  wUl  be  the 
same,  inasmuch  as  they  are  all  subject  to  the  same  ventilating  pressure. 
When  an  eoual  circulation  is  obtained  in  two  or  more  spUta  by  the  use  of 
regulators,  these  splits  cannot  be  spoken  of  as  equal  sidits. 

Unequal  Splits  of  Air.— By  this  is  meant  that  the  airways  forming  the  splits 
are  of  unequal  size  or  length.  Under  this  head  we  will  consider  (a)  Nanural 
Division  qfthe  Air-Current;  (6)  ProporU&naJte  Division  qf  the  Air-CurrenL 

NatarsI  Divition  of  tfie  Air-Current— By  natural  division  qf  air  is  meant  any 
division  of  the  air  that  is  accomplished  without  the  use  of  regulators;  or,  in 
other  words,  such  division  of  the  air-current  as  results  from  'natural  means. 
If  the  main  air-current  at  any  ffiven  point  in  a  mine  is  tree  to  traverse  two 
separate  airways  in  passing  to  the  foot  of  the  upcast  shaft,  and  each  of  these 
airways  is  free  or  an  open  split,  L  e.,  contains  no  regulator,  the  division  of 
the  air  will  be  a  natural  division.  In  such  a  case,  the  larger  quantity  of  air 
will  always  traverse  the  shorter  split  of  airway.  In  other  woras,  an  aii^ur> 
rent  always  seeks  the  shortest  way  out  of  a  mine.  A  comparatively  small 
current,  however,  will  always  traverse  the  long  split  or  airwav. 

Csloulstlon  of  Natural  SpUttini.— It  is  always  assumed,  in  the  calculation 
of  the  splitting  of  air-currents,  uiat  the  pressure  at  the  mouth  of  each  split, 
starting  from  anv  given  point,  is  the  same.  Since  this  is  the  case,  in  order 
to  find  the  quantity  of  air  passing  in  each  of  several  splits  starting  from  a 
common  point,  the  rule  given  under  Potential  Factor  of  a  Mine  is  applied. 
This  rule  may  be  stated  as  follows: 

The  ratio  between  the  quantity  of  air  passing  in  any  split  and  the  pressure 
potential  qf  that  split  is  the  same  for  au  splits  starting  from  a  common  point 
Also^  the  ratio  between  the  entire  quantity  of  air  in  circulaHon  in  the  several 
splits  and  the  sum  of  the  pressure  potenMaU  qf  those  splits  is  the  same  as  the 
above  roUOy  ai^  is  equal  to  the  square  root  of  the  pressure. 

Expressed  as  a  formula,  indicating  the  sum  of  the  pressure  potentials 

(Xi  +  2^  +  etc.)  by  the  expressioii  S^  this  rule  Is  ^^  **  t"  "*  ^^ 

Hence,  p  «=  t^^to  and  ti  =  -.     ^  .,  express  the  pressure   and  power, 

\*JLp)*  \*  Ji-pr 

respectively,  absorbed  by  the  circulation  of  the  splits.  These  are  the  basal 
formulas  for  splitting,  from  which  any  of  the  fsustors  may  be  calculated  by 
transposition.  Thev  will  be  found  illustrated  in  the  utble  at  the  end  of  this 
section.  We  will  give  here  two  examples  only,  showing  the  calculation  of 
the  natural  division  of  an  air-current  between  several  splits.  We  have,  from 

Xi 
the  above  formulas,  q\  =»  =-=-  Q. 

Example.— In  a  certain  mme,  an  air-current  of  60,000  cu.  ft.  per  minute 
is  traveling  in  two  splits  as  follows:  Split  ^,6  ft.  X  8  ft.,  5,000  ft.  long: 
split  £,  5  ft.  X  8  ft.,  10,000  ft.  long.  It  is  required  to  find  the  natural  division 
of  this  air-current. 

Calculating  the  relative  potentials  for  pressure  in  each  split,  we  have 


fbrspUt^.X.-48.yg3^    -.8888 


for  SpUt5.  X,  =  40^^,,  r:,nnnn   »   '^^SL 


40 
[2(5 -h  8)10.000 
and  substituting  these  values,  we  have, 

OQOQ 

qi  =  j^  X  60,000  -  88,606  eu.  ft.  per  min.; 
"^  *  "  i^  ^ ^'^^  ""  21.4MCU. ft. permin. 


andSJ^-LSM»; 
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SzAMFLB.— In  a  certain  mine,  there  Is  an  alr-cnnent  of  100,000  en.  ft.  per 
ndnute  trayeling  in  three  splits  as  follows:  Split  ^,  6  ft.  x  10  ft.,  8,000  ft.  lon^; 
n>Ut Bf «  ft.  X 12 ft.,  15,000  ft.  long;  spUt  C,  6ft.  X 10 ft.,  6,000  ft. long.  Find 
uie  natmal  diylslon  of  this  current  of  air. 

Calculating  the  respective  relative  potentials  with  reapect  to  preoore, 
we  have 

tor  .put  B.X,-  «\|a(6-|.urxuMioo  -  •«"* 

Adding  theee  potentials,  we  have  2  Ji^  -  .9185  +  J814  +  .8888  -  16882. 
Then,  applying  the  foregoing  mle,  we  have 

fil8S 

«i-^^X100,000-  35,556 cu.  ft.  per min.; 

8314 
ga  "■  ^ft^X^>^^  **  82,184  on.  ft.  per  min.; 

.8338 
and  ft  "■  23^X100,000  —  82,200  en.  ft.  per  min. 

Total,  100,000 

PrtportlonsI  Divition  of  tkt  Air-Csrrent— It  continually  happens  that  differ- 
ent proportions  of  air  are  reonired  in  the  several  splits  of  a  mine  than  would 
be  ODtalned  by  the  natural  division  of  the  air-current.  It  is  usually  the  case 
that  the  longer  splits  employ  a  larger  number  of  men,  and  require  a  larger 
quantity  of  air  passing  through  tnem.  They,  moreover,  liberate  a  larger 
quantity  of  mine  gases,  for  which  they  require  a  larger  quantity  of  air  than 
is  passing  in  the  smaller  splits.  The  natural  diviislon  of  the  air-current 
would  give  to  these  longer  splits  lesi  air,  and  to  the  shorter  ones  a  larper 
amount  of  air,  which  is  directly  the  reverse  of  what  is  needed.  On  this 
account,  recourse  must  be  had  to  some  meana  of  dividing  this  air  pro- 
portionately,  as.  required.  This  is  accomplisned  by  the  use  of  regulators,  of 
which  there  are  two  general  types,  the  box  reguUUor  and  the  door  regtdator. 

Box  Renlstor.— This  is  simply  an  obstruction  placed  in  those  airways  that 
would  naturally  take  more  air  than  the  amount  required.  It  consists  of  a 
brattice  or  door  placed  in  the  entry,  and  baying  a  small  shutter  that  can  be 
opened  to  a  greater  or  less  amount.  The  (Gutter  is  so  arranged  as  to  allow 
the  passage  of-  more  or  less  air,  according  to  the  requirements.  The  box 
regulator  Is,  as  a  rule,  placed  at  the  end  or  near  the  end  of  the  return  air- 
way of  a  split.  It  is  usually  placed  at  this  point  as  a  matter  of  convenience, 
because,  in  this  position,  it  obstructs  the  roads  to  a  less  extent,  the  haulage 
ftom  the  back  entrv  in  this  split  being  carried  over  to  the  main  haulway, 
through  a  cross-cut,  before  tms  point  Is  reached.  The  difficulty,  however, 
can  be  avoided,  in  most  case^  by  proper  consideration  in  the  planning  of 
the  mine  with  respect  to  haulage  and  ventilation.  The  objecnon  to  this 
fbrm  of  regulator  is  that,  in  effect,  it  lengthens  the  airway,  or  increases  its 
resistance,  making  the  resistance  of  all  the  airways,  per  foot  of  area,  the 
same.  It  is  readily  observed  that,  by  thus  increasing  the  resistance  or  the 
mine,  the  horsepower  of  the  ventilation  is  largely  increased,  for  the  same 
circulation.  This  is  an  important  point,  as  it  will  be  found  that  the  power 
required  for  ventilation  is  thus  increased  anywhere  ftom  60ji  to  lOOji  over 
the  power  required  when  the  other  form  of  regulator  can  be  adopted. 

Door  Regvlater.--In  this  form  of  regulator,  which  was  first  introduced  by 
Beard,  the  division  of  the  air  is  made  at  the  mouth  of  the  spUt.  The  tegti' 
lator  consists  of  a  door  hung  ftom  a  point  of  the  rib  between  two  entries, 
and  swung  into  the  current  ao  as  to  cut  the  air  like  a  knife.  The  door  is 
provided  with  a  set  lock,  so  that  it  may  be  secured  in  any  position,  to  give 
more  or  less  air  to  the  one  or  the  other  of  the  splits,  as  required.  The  posi- 
tion of  this  regulator  door,  as  well  as  the  position  of  the  shutter  in  the  box 
regulator,  is  always  ascertained  practically  by  trial.  The  door  is  set  so  as 
to  divide  the  area  of  the  airway  proportionate  to  the  work  absorbed  in  the 
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lespectiTe  splits.  The  pressure  in  any  split  is  not  increased,  each  split 
retaining  its  natural  pressore. 

Calculation  of  ProMuro  for  Box  Rof  ulatort.— When  any  required  division  of 
the  air-current  is  to  be  obtained  bv  the  use  of  box  regulators,  these  are 
placed  in  all  the  splits,  save  one.    This  split  is  called  the  open,  or  free,  9plity 

and  its  pressure  is  calculated  in  the  usual  way  by  the  formula  p  =  — ^. 

The  natural  pressure  in  this  open  split  determines  the  pressure  of  the  entire 
mine,  since  all  the  splits  are  subject  to  the  same  pressure  in  this  form  of 
splitting. 

First,  determine  in  which  splits  regulators  will  have  to  be  placed,  in  order 
to  accomplish  the  required  division  of  the  air.  Calculate  the  natural  pres- 
sure, or  pressure  due  to  the  circulation  of  the  air-current,  for  each  split, 

when  passing  its  required  amount  of  air,  using  the  formula  p  =  — —,    The 

split  showing  the  greatest  natural  pressure  is  taken  as  the  free  split.  In  each 
of  the  other  splits,  box  regulators  must  be  placed,  to  increase  the  pressure 
in  those  splits;  or,  in  other  words,  to  increase  the  resistance  of  those  splits 
per  unit  oi  area. 

Example.— The  ventilation  required  in  a  certain  mine  is: 

split  ^,  6  ft.  X  9  ft.,  8,000  ft.  long;  40,000  cu.  ft.  per  min. 
split  5,  5  ft.  X  8  ft.,  6,000  ft.  long;  40,000  cu.  ft.  per  min. 
split  C,  9  ft.  X  9  ft.,  8,000  ft.  long;  10,000  cu.  ft.  per  min. 
split  A  6  ft.  X  8  ft.,  10,000  ft.  long;  30,000  cu.  ft.  per  min. 
In  which  of  these  splits  should  regulators  be  placed,  to  accomplish  the 
required  division  of  air,  and  what  will  be  the  mine  pressure? 

Calculating  the  pressure  due  to  faction  in  each  split  when  passing  its 
required  amount  of  air,  we  find, 

,        ,,,  ,            .0000000217X2(6  +  9)8,000X40,0009       ,„„«,.  ^ 

for  split  -4,  p  =  M^       — "^  ^^  ^^'  P®'  *1*  ^» 

-         ..^  „            .0000000217  X  2(5  +  8)6.000  X  40,000!»       oa  i^  ^x.  #^ 

for  split  B,p  = dffi "  ®**®  ^^  P®*"  ^'  ^* 

,         „^  ^           .0000000217  X  2(9  +  9)8,000  X  10,000"       ,  ,-^  ,.  ^ 

for  split  C,p  = 818      — "*  ^'^'^  ^'  P®'  *1*  **•» 

.         ...  ^           .0000000217  X  2(6  +  8)10.000 X  80.000"       „  ..  ,.  ^ 

for  spUt  A  P  = ^»       —  ^  ^*     ^*  P®'  sq.  ft. 

Split  B  has  the  greatest  pressure,  and  is  therefore  the  free  split.  Box 
regulators  are  placed  in  each  of  the  other  splits  to  increase  their  respective 
pressures  to  the  pressure  of  the  free  split  or  the  mine  pressure.  Therefore, 
the  mine  pressure  in  this  circulation  is  84.63  lb.  per  sq.  ft. 

Tho  Sizo  of  oponing  In  •  box  regulator  is  calculated  by  the  formula  for 
determining  the  flow  of  air  through  an  orifice  in  a  thin  plate  under  a  certain 
head  or  pressure.  The  diflference  In  pressure  between  tne  two  sides  of  a  box 
regulator  is  the  pressure  establishing  the  flow  through  the  opening,  which 

corresponds  to  the  head  h  in  the  formula  v  <-  '^2ah.  This  regulator  is 
usually  placed  at  the  end  of  a  split  or  airway,  and  since  the  regulator 
increases  the  pressure  in  the  lesser  split  so  as  to  make  it  equal  to  the  pressure 
in  the  other  split,  the  pressure  due  to  the  regulator  will  be  equal  to  the 
ventilating  pressure  at  the  mouth  of  the  split,  less  the  naivral  pressure  or 
the  pressure  due  to  friction  in  this  split.  Hence,  when  the  position  of  the 
regulator  is  at  the  end  of  the  split,  the  pressure  due  to  fiic^n  in  the  split  is 

first  calculated  by  the  formula  p  =  — |-,  and  this  pressure  is  deducted  from 

the  ventilating  pressure  of  the  ft^e  or  open  split,  which  gives  the  pressure 
due  to  the  regulator.    This  is  then  reduced  to  inches  c^  water  gauge,  and 

substituted  for  i  in  the  formula  A  =  ^__-.    The  value  of  A  thus  obtained  is 

l/i 
the  area  (square  feet)  of  the  opening  in  the  regulator. 

Example.—  50,000  cu.  ft.  of  air  is  passing  per  minute  in  a  certain  mine, 
in  two  equal  splits,  under  a  pressure  equal  to  2  in.  of  water  gauge,  and  it  is 
required  to  reduce  the  quantity  of  air  passing  in  one  of  these  splits,  by  a  box 
regulator  placed  at  the  end  of  the  split,  so  as  to  pass  but  15,000  cu.  It.  par 
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minute  in  this  split.  Find  the  area  of  the  opening  in  the  regulator,  assu- 
ming that  the  ventilating  power  is  decreased  to  maintain  the  pressure  con- 
stant at  the  mouth  of- the  splits  alter  placing  the  regulator.  The  size  and 
length  of  each  split  is  6  ft.  x  10  ft.  and  10,000  ft.  long. 

The  natural  pressure  for  the  split  in  which  the  regulator  is  placed  will  be 

*«g«       .0000000217  X  2(6  +  10)  X  10,000  X  16,000»       ^  «„o  iw 
P  =  -d^  = (6  X  10)^ "  ^-^  ^^'  ^^  **•  *• 


Then, 


7.283 
5.2 


L4in.  of  water  gauge  (nearly),  due  to  fUction  of  the  air- 
current  in  this  split.   And,  2  —  1.4  =>  .6  in.  water  gauge  due  to  regulator. 

_,     „       .        .00049       .0004  X  15,000       --..        ^  - 

Finally,  A  =»  — 7=^  = -^ —  »»  7.746  sq.  ft,  area  of  opemng. 

V  .6  yS 

Size  of  Optninf  for  a  Door  Rogvlotor.— The  sectional  area  at  the  regulator  Is 
divided  proportionately  to  the  work  to  be  performed  in  the  respective  splits 
according  to  the  proportion  Ai :  At ::  ui :  Uf.    Or  since  Ai-f-Af  —  afWe  have 

Aiiaiiui'.ui  +  ut,  and  Ai  »  — ^ —  X  a.   This  Aimishes  a  method  of  pro- 

m  "t*  ••J 

portionate  splitting  in  which  each  split  is  ventilated  under  its  own  natural 
pressure.  The  same  result  would  be  obtained  by  the  placing  of  the  box 
regulator  at  the  intake  of  any  split,  t^iereby  regulating  the  amount  of  air 

Sassing  into  that  split,  but  the  door  regulator  presents  less  resistance  to  the 
ow  of  the  air-current.  The  practical  difference  between  these  two  forms 
of  regulators  is  that  in  the  use  of  the  box  regulator  each  split  is  ventilated 
under  a  pressure  equal  to  the  natural  pressure  of  the  open  or  free  splits 
which  very  largelv  increases  the  horsepower  required  for  ihe  ventilation  of 
the  mine;  while  in  the  use  of  the  door  regulator  each  split  is  ventilated 
under  its  own  natural  pressure,  and  the  proportionate  division  of  the  air  is 
accomplished  without  any  increase  of  horsepower.  This  is  more  clearly 
explained  in  the  two  following  paragranhs,  and  the  table  showing  the  com- 
parative horsepowers  of  the  two  metnoos. 

Coiculation  of  Horsopowor  for  Box  Rogulotort.— By  the  use  of  the  box  regu- 
lator, the  pressure  in  all  the  splits  is  made  equal  to  the  greatest  ncUural 
pressure  in  any  one.  This  split  is  made  the  open  or  free  split,  and  its  natural 
pressure  becomes  the  pressure  for  all  the  splits,  or  the  mtTie  pressure.  This 
mine  pressure,  multiplied  by  the  total  quantity  of  air  in  circulation  (the  sum 
of  the  quantities  passing  in  the  several  splits),  and  divided  by  83,000,  gives 
the  horsepower  upon  the  air,  or  the  horsepower  of  the  circulation.  Thus, 
in  the  first  example  given  on  page  876,  in  which  for  split  B  the  pressure 
p  =  84.63  lb.  per  sq.  It.  and  the  total  quantity  of  air  passing  per  minute 
iB  120,000  cu.  ft.,  we  have 


84.63  X  120.000 
33,000 


=  307.746  H.  P. 


Calcalotion  of  Horsopowor  for  Door  Rogvlators.— In  the  use  of  the  door 
regulator,  each  split  is  ventilated  under  its  own  natural  pressure,  and, 
hence,  in  the  calculation  of  the  horsepower  of  such  a  circulation,  the  power 
of  each  split  must  be  calculated  separately,  and  the  sum  of  these  several 
powers  will  be  the  entire  power  of  the  circulation.  For  the  purpose  of  com- 
parison, we  tabulate  below  the  results  obtained  in  the  applicauon  of  these 
two  methods  of  dividing  the  air  in  the  above  example. 


Natural 
Division. 

Required 
Division. 

Horsepower. 

Splits. 

Door 
Regulator. 

Box 
Regulator. 

Split  ^,  6  ft.  X  9  ft.,  8,000  ft.  long 
Split  £,  5  ft.  X  8  ft.,  6,000  ft.  long 
SpUt  C,  9  ft.  X  9  ft,,  8,00aft.  long 
Split  X>,  6  ft.  X  8  ft.,10,000  ft.  long 

28,277 
22,360 
47,423 
21,940 

40,000 
40,000 
10,000 
30,000 

120,000 

64.146 

102.582 

.856 

44.955 

102.582 

102.582 

25.645 

76.936 

Totala 

120,000 

212.038 

807.745 
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SPLITTING  FORMULAS 

The  following  table  of  formulas  will  serve  to  illustrate  the  methods  of 
calculation  in  splitting.  The  example  assumes  the  same  airway  as  that  given 
on  page  369  and  used  to  illustrate  the  table  of  formulas,  pag6  370,  but  the  air- 
current  is  divided,  as  specified  in  the  table: 

Natural  Division. 

Primary  Spiitt.-^pUt  (1) »  4  ft.  X  5  ft.,  800  ft.  long.  8pUt  (2)  »  4  ft.  X  5  ft., 
1,200  ft.  long. 


To  Find: 


Potential  for 
pressure. 


Natural  divi- 
sion. 


No. 


85 


41 


Formula. 


^=Wi&' 


-t-  etc.). 


Q  = 


2X. 


X  Q. 


Specimen  Calculation. 


4. 


20 


^^)    ^\.0000000217X  14,400 


'4 


20 


(2)    20-^0000000217X21,600 
5,060  +  4,131  =  9191. 


5,060. 
4,131. 


(1) 


6^060 
9,191 


X  10,000  =  5,505  cu.  ft. 


4  1^1 
(2)        ^^^  X  10,000  =  4,495  cu.  ft. 


of 


Or  the  natural  division  may  be  calculated  from  the  pressure  at  the  mouth 
the  several  splits  by  using  formula-(23);  thus, 


23 

42 

43 

44 
46 

46 

1 
47 

Pressure. 

Power. 

Quantity. 

Increase  of 
quantity  due 
to  splitting. 

(Pressure   con- 
stant.) 

Increase  in 
quantity  due 
to  splitting. 
(Power  con- 
stant.) 

q  =  i«>/p. 


P  = 


Q« 


(^Xp)*- 


u  = 


Q» 


(2X,)»' 


Q 


Xp_o 


XQo 


Q 


-'<!m 


(1)  5,060  >/l.l838«  5,505  cu.  ft. 

(2)  4,131  ]/n838  =  4,495  cu.  a. 
See  formula  (42). 


10,00^ 
"9,191« 


1.1838  lb. 


loooq^ 

9,1912 


11,838  units. 


9,191  >/l.l838  =  10,000<JU.  ft. 
#"9,1912X11,838  =  10,000  cu.  ft. 


9,191 
3,200 


X  10,000  =  28,722  CU.  ft. 


-■--v/(S)' 


20,205  cu.  ft 


SNOKdirir  IbI. —     ,., . 

(3)  4fl.  XBS:,  won.  long.    (4) 
The  ciicalallr-  '-  -"—  -'— ' 


BPLITTIHa  FORMULAS 

SOOfLIang.    J2) 
-  ft.rSlOft.  I 


611.,  soon.  long, 
wben  nuuiy  epUu  are  eoncemed.  by 

ewer;  or.  Ibeae  &cu>ni 
fonDul(Ui4«}lo(61), 


^8  i 


i" 


^ 


Cfff 


lill 


I ' 
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Proportionate  ItevisioN. 

Primary  Splita  (only).— (1)  4  ft.  X  5  ft.,  800  ft.  long  —  8,500  ca.  ft.    (2) 
4  ft.  X  5  ft.,  1,200  ft.  long  =  6,500  cu.  ft. 


To  Find: 

No. 
13 

Formula. 

Specimen  Calculation. 

Pressure  due  to 
friction.* 

(2)            1^-2.4767  lb. 

To  accomplish  this  division  of  air,  the  pressure  in  split  (1)  must  be 
increased  by  means  of  a  regulator  to  make  it  equal  to  the  pressure  in  the 
free  or  open  split  (2),  and,  hence,  the  pressure  due  to  the  regulator  ia 
equal  to  the  difference  between  the  natural  pressures  in  these  splita. 


Pressure  due  to 
the  regulator 
in  spUt  (1). 


Area  of  the 
opening  in 
regulator. 


58 


37 


Pi— Pi. 


.        .0004  g 


2.4757 —  .47845  =•  1.99726  lb. 


.0004  X  3,500 


V 


1.99725 
5.2 


2.259  sq.ft. 


Seoondary  $pllta.— (1)  4  ft.  X  5  ft..  800  ft.  —  3,500  cu.  ft.  (2)  4  ft.  X  5  ft., 
500  ft.  —  6,500  cu.  ft.  (3)  4  ft.  X  5  ft.,  400  ft.  —  4,000  cu.  ft.  (4)  4  ft.  X  6  ft.. 
800  ft.  —  2,500  cu.  ft. 

NoTB— When  using  the  relative  potential,  multiply  the  result  by  k,  to 
obtain  the  pressure,  or  the  power. 


Pressure  due  to 
friction.  Free 
split-second- 
ary pressure. 


(1)  .0000000217(^y  = 

(2)  .0000000217(^)V 

(3)  .0000000217(^^)* 

(4)  .0000000217(1^)* 


.47848  lb. 

1.0614  lb. 

.31248  1b. 
.0915461b. 


Since  the  natural  pressure  in  (3)  is  greater  than  that  in  (4),  (3)  is  the  free 
split,  and  its  natural  pressure  is  the  pressure  for  the  secondary  splits.  The 
pressure  for  the  primary  splits  is  then  found  by  first  adding  the  pressures  in 
(2)  and  (8),  and  if  their  sum  is  greater  than  the  natural  pressure  for  (1),  it 
becomes  the  pressure  for  the  pnmary  splits,  or  the  mine  prewure.  If  the 
natural  pressure  for  (1)  is  the  greater,  this  is  made  the  free  split,  and  it$ 
natural  pressure  becomes  the  primary  or  mine  pressure.  In  this  case,  the 
secondary  pressure  must  be  increased  by  placing  a  regulator  in  split  (8). 


Primary  or 
mine  pressure. 


Pressure  due  to 
the  regula- 
tors. 


Areas  of  open 
ings    in    the 
regulators. 


87 


Pi+Pi- 


Pi  —  P*' 
(Pj  +  Ps)— Pi. 


A.  —        — :     • 


1.0314  +  .81248  =  1.84388. 


(4)       .81248  -  .091546  =  .220984  lb. 

(1)       (1.0314  +  .31248)  —  .47848 
=  .86540  lb. 


(4) 


(1) 


.0004X2,500 


.220934 


5.2 
.0004X3,500 


V 


.8654 
6.2 


4.8514  aq.  ft 


8.4S»aq.ft 
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METHODS  AND  APPLIANCES  IN  THE  VENTILATION 

OF  MINES. 

Atotntlonal  Ytntilatlon.— Every  mine,  as  fitr  as  practicable,  should  be  venti- 
lated upon  the  plan  known  as  ascensional  ventilation.  This  term  refers 
particularly  to  the  ventilation  of  inclined  seams.  The  air  should  enter  the 
mine  at  its  lowest  point,  as  nearly  as  poadble,  and  from  thence  be  conducted 
through  the  mine  to  the  higher  points,  and  there  escape  by  a  separate 
shaft,  if  such  an  arrangement  is  practicable.  Where  the  seam  is  dn>ping 
considerably  and  is  mined  through  a  vertical  shaft,  the  upcast  shaft  snoula 
be  located  as  far  to  the  rise  of  the  downcast  shaft  as  possible.  The  intake  air 
is  then  first  conducted  to  the  lowest  point  of  the  dip  workings,  which  it 
traverses  upon  its  way  to  the  higher  workings.  In  the  case  of  a  slope 
working  where  a  pair  of  entries  is  driven  to  the  dip,  one  being  used  as  tne 
intake  and  the  other  the  return,  there  being  cross-entries  or  levels  driven  at 
regular  intervals  along  the  slope,  the  air  should  be  conducted  at  once  to  the 
inside  workings,  fh>m  which  point  it  returns,  ventilating  each  pair  of  cross- 
entries  fh>m  the  inside,  outwards.  Where  the  development  of  the  cross- 
entries  or  levels  is  considerable,  their  circulation  is  considered  separately, 
and  a  fresh  air  split  is  made  in  the  intake  at  each  pair  of  levels.  In  bXX 
ventilation,  the  main  point  to  be  observed  is  to  conduct  the  air-current  first 
to  the  inside  workings,  fh>m  whence  it  is  distributed  along  the  working  ikce 
as  it  returns  toward  the  upcast. 

GtnersI  Arranftnent  of  Mint  Plan.— Every  mine  should  be  planned  with 
respect  to  three  main  requirements,  viz.:  (a)  haulage;  (b)  drainage:  (c) 
vtntikUion.  These  requirements  are  so  closely  connected  with  one  another 
that  the  consideration  of  one  of  them  necessitates  a  reference  to  all.  The 
mine  should  be  planned  so  that  the  coal  and  the  water  will  gravitate  toward 
the  opening,  as  far  as  possible.  There  are  many  reasons,  in  tne  consideration 
of  non-gaseous  mines,  why  the  haulage  should  be  efflected  upon  the  return 
airways.  The  haulage  road  is  always  a  dusty  road,  caused  by  the  traveling 
of  men  and  mules,  as  well  as  by  the  loss  of  coal  in  transit,  which  becomes 
reduced  to  fine  slack  and  powder.  If  the  haulage  is  accomplished  upon  the 
intake  entry  or  air-course,  this  dust  is  carried  continually  into  the  mine  and 
working  places,  which  should  be;  avoided  whenever  possible.  When  the 
loaded  cars  move  in  the  same  direction  as  the  return  air,  the  ventilation  of 
the  mine  is  not  as  seriously  impeded.  It  is  often  the  case  that  fewer  doors  are 
required  upon  the  return  airway  than  upon  the  intake,  which  is  a  feature 
favorable  to  haulage  roads.  Again,  in  this  arrangement,  the  hoisting  shaft 
is  made  the  upcast  shaft,  which  prevents  the  formation  of  ice,  and  conse- 
quent delay  in  hoisdng  in  the  winter  season.  The  arrangement,  however, 
presupposes  the  use  of  the  force  fan  or  blower,  since  if  a  ftimace  or  exhaust 
can  is  employed,  a  door,  or  probably  double  doors,  would  have  to  be  placed 
upon  the  midn  haulage  road  at  the  shaft  bottom,  which  would  be  a  great 
hindrance. 

In  the  ventilation  of  gaseous  mines,  however,  other  and  more  important 
considerations  demand  attention.  The  gaseous  cheu^cter  of  the  return 
current  prevents  making  the  return  airway  a  haulageway.  In  such  mines, 
the  haulage  ^ould  always  be  accomplished  upon  the  intake  air,  as  any  other 
system  would  often  result  in  serious  consequences.  In  such  gaseous  mine, 
men  and  animals  must  be  kept  off  the  return  airways  as  far  as  this  is 
nossible. 

As  for  as  practicable,  ventilation  should  be  accomplished  in  sections 
or  districts,  each  district  having  its  own  split  of  air  fh)m  the  main  intake,  and 
its  own  return  connecting  with  the  main  return  of  the  mine.  Reference 
has  been  made  to  this  under  Distribution  of  the  Air  in  Mine  Ventilation. 
This  splitting  of  the  air-current  is  accomplished  preferably  by  means  of  an 
air  bridge,  dther  an  under  crossing  or  an  over  crossing.  There  are,  in 
general,  three  systems  of  ventilation,  with  respect  to  the  ventilating  motor 
employed:  (a)  natural  ventilation;  (6)  furnace  ventilation;  (c)  mechanical 
verwikUion.  ■   , , 

Natarai  vantilatlon  means  such  ventilation  as  is  secured  by  natural  means, 
or  without  the  intervention  of  artificial  appliances,  such  as  the  furnace, 
or  any  mechanical  appliances  by  which  the  circulation  of  air  is  maintained. 
In  natural  ventilation,  the  ventilating  motor  or  air  motor  is  an  air  column 
that  exists  in  the  downcast  shaft  by  virtue  of  the  greater  weight  of  the 
downcast  air.    This  air  column  acts  to  force  the  air  through  the  airways 


r 
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or  the  mine.  An  air  doluinn  always  exists  where  the  intake  and  return 
currents  of  air  pass  through  a  certain  vertical  height,  and  have  diflferent 
temperatures.  This  is  the  case  whether  the  openinj^  is  a  shaft  or  a  slope; 
since,  in  either  case,  there  is  a  vertical  height,  which  in  part  determines 
the  height  of  air  column.  The  other  fkctor  determining  the  height  of  air 
column  is  the  difference  of  temperature  between  the  intake  and  return. 
The  calculation  of  the  ventilating  pressure  in  natural  ventilation  is  identical 
with  tliat  of  fhmace  ventilation,  which  is  described  later. 

Ventilstion  of  Riat  and  Dip  Workinit.— We  have  referred  to  the  air  column 
existing  either  in  vertical  shafts  or  slopes  as  the  motive  column  or  venti- 
lating motor.  Such  an  air  column  will  be  readily  seen  to  exist  in  any  rise 
or  dip  workings  within  the  mine,  and  may  assist  or  retard  the  circulation 
of  the  air-current  through  the  mine.  It  is  this  air  column  that  renders  the 
ventilation  of  dip  workings  easy,  and  that  of  rise  workings  correspondingly 
difficult,  depending,  however,  on  the  relative  temperature  of  the  intake  and 
return  currents;  the  latter  usually  is  the  warmer  of  the  two,  which  gives 
rise  to  the  air  column.  The  influence  of  such  air  columns  must  always  be 
taken  into  account  in  the  calculation  of  any  ventilation.  This  is  often 
neglected 

The  influence  of  air  columns  in  rise  or  dip  workings,  within  the  mine, 
becomes  very  manifest  where,  from  any  reason,  the  main  intake  current  is 
increased  or  decreased.  For  example,  a  mine  is  ventilated  in  two  splits,  a 
rise  and  a  dip  split;  a  current  of  60,000  cu.  ft.  of  air  is  passing  in  the  main 
airway,  30,000  cu.  ft.  passing  into  the  dip  workings,  and  20,000  into  the  rise 
workings.  A  fall  of  roof  in  the  main  intake  airway,  or  other  cause,  reduces 
the  main  current  fh>m  50,000  to  35,000  cu.  ft.  Instead,  now,  of  21,000  cu.  ft 
going  to  the  dip  working  and  14,000  to  the  rise  workings,  we  find  that  tb& 
proportion  no  longer  exists,  but  that  the  dip  workings  are  taking  more  than 
their  proportion  of  air,  and  the  rise  workings  less.  Thus,  the  circulation 
being  decreased  to  85,000  cu.  ft.,  the  dip  workings  will  probably  take  2&,000 
cu.  ft.,  and  the  rise  workings  10,000  cu.  ft.  On  the  other  hand,  had  the 
intake  current  been  increased  instead  of  decreased^  the  rise  workings  would 
then  take  more  than  their  proportion,  while  the  dip  workings  would  take 
less.  The  reason  for  this  distribution  is  evident;  suppose,  for  example,  the 
intake  or  mine  pressure  is  8  in.  of  water  gauge,  and  in  the  dip  workings 
there  is  i  in.  of  water  gauge  acting  to  assist  ventilation,  while  a  like  waiet 
gauge  of  i  in.  in  the  rise  workings  acts  to  retard  ventilation.  The  eflfectiye 
water  gauge  in  the  dip  workings  is  therefore  3i  in.,  while  the  efreetiv« 
water  gauge  in  the  rise  workings  is  2k  iu.,  or  they  are  to  each  other  as  7 :  & 
If,  now,  the  mine  pressure  is  decreased  to,  say,  2  in.,  the  effective  rise  uid 
dip  pressures  will  be,  respectively,  2k  in.  and  1*  in.,  or  as  5 : 8.  We  observe, 
before  the  decrease,  the  dip  pressure  was  {,  or  1.4,  times  the  rise  pressure, 
while  after  the  decrease  took  place  in  the  mine  pressure,  the  dip  pressure 
became  |,  or  1.66,  times  the  rise  pressure.  The  relative  quantities  passing  in 
the  dip  split  before  and  after  the  decrease  took  place,  as  compared  with  the 

quantities  passing  in  the  rise  split,  will  be  as  the  |/Li :  |/l.66,  showing  an 
increase  of  proportion.  Now,  instead  of  a  decrease  taking  place  in  the  mine 
pressure,  let  iis  suppose  it  is  increased,  say,  from  3  in.  to  4  in.  The  effective 
pressures  in  the  dip  and  rise  workings  will  then  be,  respectively,  4^  in. 
and  3i  in.,  or  they  will  be  to  each  other  as  9 : 7,  instead  of  7 : 5.  Here  we 
observe  that  the  dip  pressure  is  If,  or  1.15,  times  the  rise  pressure,  instead 
of  1.4.  The  relative  quantities,  therefore,  passing  in  the  dip  split,  before 
and  after  the  increase  of  the  mine  pressure,  as  compared  with  the  quantities 

passing  in  the  rise  split,  will  be  in  the  ratio  of  y^lA:  y^LlS,  showing  a 
decrease  of  proportion.  We  observe  that  any  alteration  ot  the  mine  raes- 
sure  by  which  it  is  increased  or  decreased  does  not  affect  the  inside  dip  or 
rise  columns,  and  hence  the  disproportion  obtains.  In  case  of  a  decrease  of 
the  mine  pressure,  the  dip  workings  receive  more  than  their  pioportiou 
of  air,  and  in  case  of  an  increase  of  the  mine  pressure,  they  receive  lets 
than  their  proportion  of  air. 

Influenca  of  Sessont.— In  any  ventilation,  air  columns  are  alwaysestablidied 
in  slopes  and  shaifts,  owing  to  the  relative  temperatures  of  the  outside  and 
inside  air.  The  temperature  of  the  upcast,  or  return  column,  may  always  be- 
assumed  to  be  the  same  as  that  of  the  inside  idr.  The  temperature  of  the 
downcast,  or  intake  column,  generally  approximates  the  temperature  of  the 
outside  air,  although,  in  deep  shafts  or  long  slopes,  this  temperature  may  be 
dianged  considerably  before  the  bottom  oixhe  shaft  or  slope  is  reached,  "*^ 
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conseqnently  the  averaxe  temperature  of  the  downcast,  or  intake,  is  often 
different  from  that  of  the  outnde  air.  The  difference  of  temperatures  will 
also  vary  with  the  season  of  the  year.  In  winter  the  outside  temperature  is 
below  that  of  the  mine,  and  the  circulation  in  shafts  and  slopes  is  assisted, 
since  the  return  columns  are  warmer  and  lighter  than  the  intake  columns 
for  the  same  circulation.  In  the  summer  season,  however,  the  reverse  of 
this  is  the  case.  The  course  of  the  air-current  will  thus  often  be  changed. 
When  the  outside  temperature  approaches  the  average  temperature  of  the 
mine,  there  will  be  no  ventilation  at  all  in  such  mines,  except  such  as  is 
caused  by  accidental  wind  pressure. 

In  furnace  ventilation  the  temperature  of  the  upcast  column  is  increased 
above  that  of  the  downcast  column  bv  means  of  a  ftimace.  The  chief 
points  to  be  considered  in  ftimace  ventilation  are  in  regard  to  the  arrange- 
ment and  size  of  the  ftimace.  Furnace  ventilation  should  not  be  applied  to 
gaseous  seams,  and  in  some  cases  is  prohibited  by  law.  It  is,  however,  in 
use  in  many  mines  liberating  eas.  In  such  cases  the  furnace  fire  is  fed  by  a 
current  of  air  taken  directlv  from  the  air-course,  sufficient  to  maintain  the 
fire,  and  the  return  current  n'om  the  mine  is  conducted  by  means  of  a  dumb 
drift,  or  an  inclined  passageway,  into  the  shaft,  at  a  point  from  50  to  100  ft. 
above  the  seam.  At  this  point,  the  heat  of  the  furnace  &;ases  is  not  sufficient 
for  the  ignition  of  the  mine  gases.  The  presence  of  caroonic-acid  eas  in  the 
ftimace  gases  also  renders  the  mine  gases  inexplosive.  In  other  cases 
where  the  dumb  drift  is  not  used,  a  sufficient  amount  of  f^esh  air  is  allowed 
to  pass  into  the  return  current  to  insure  its  dilution  below  the  explosive 
point  before  it  reaches  the  furnace. 

Construotion  of  a  Mine  Furnaoe.— In  the  construction  of  a  mine  ftimace,  a 
sufficient  area  of  passage  must  be  maintained  over  the  fire  and  around  the 
furnace  to  allow  the  passage  of  the  air-current  circulating  in  the  mine.  The 
velocity  of  the  current  at  the  furnace  should  be  estimated  not  to  exceed 
20  ft.  per  second,  and  the  entire  area  of  passage  calculated  from  this  velocity. 
Thus,  for  a  current  of  50,000  cu.  ft.  of  air  per  minute,  the  area  of  passage 
through  and  around  the  ftimace  should  be  not  less  than 

^^—=411  sq.ft. 

This  is  a  safe  method  of  calculation,  notwithstanding  the  fact  that  the 
velocity  of  the  air  is  often  much  more  than  20  ft.  per  second,  yet  the  volume 
of  the  air  is  largelv  increased  owing  to  the  increase  of  temperature. 

The  length  of  the  furnace  bars  lis  limited  to  the  distance  in  which  good 
firing  can  be  accomplished,  and  should  not  exceed  6  ft.  The  width  of  the  grate 
will  therefore  determine  the  grate  area.  The  grate  area  must,  in  every  case, 
be  sufficient  for  the  heating  of  the  air  of  the  current  to  a  temperature  such 
as  to  maintain  the  average  temperature  of  the  furnace  shaft  high  enough  to 

?roduce  the  required  aur  column,  or  ventilating  pressure,  in  the  mine, 
he  area  A  of  the  grate  of  the  furnace  is  best  determined  by  the  formula 

34 
A  =  —z=:  X  H.  p.,  in  which  A  =  grate  area  in  square  feet;  H.  P.  =  horse- 

power  of  the  circulation;  and  D  =  depth  of  shaft  in  feet.  The  horsepower 
for  any  proposed  circulation  may  always  t)e  determined  by  dividing  the 
quantity  of  air  (cubic  feet  per  minute)  by  the  mine  potential  jCm,  and  cubing 
and  dividing  the  result  by  33,000;  thus, 

"^'^'-  \XuJ    ^33,000* 

The  furnace  should  have  proper  cooling  spaces  above  and  at  each  side; 
upon  one  side,  at  least,  should  be  a  passageway  or  man  way.  The  furnace 
should  be  located  at  a  point  fh)m  10  to  15  yd.  back  from  the  foot  of  the  shaft, 
at  a  place  in  the  airway  where  the  roof  is  strong.  This  is  well  secured 
by  railroad  iron  immediately  over  the  ftimace.  A  good  foundation  is 
obtained  in  the  floor,  and  the  walls  of  the  ftimace  carried  up  above  the 
level  of  the  grate  bars,  when  the  ftimace  arch  is  sprung.  If  possible,  a 
full  semicircle  should  be  used  in  preference  to  a  flat  arch.  The  sides  and 
arch  of  the  ftimace  should  be  carried  backwards  to  the  shaft;  this  is 
necessary  in  order  to  prevent  ignition  of  the  coal.  The  walls  and  arch 
are  constmcted  of  firebrick  a  sufficient  distance  fh>m  the  furnace,  and  after- 
wards of  a  eood  quality  of  hard  brick;  the  shaft  is  also  lined  with  brick 
or  protected  by  sheet  iron  a  sufficient  height  to  prevent  the  ignition  of 
the  curbing. 
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Air  Columna  In  Farnaoe  VontiUtl0n.~A8  previoiialy  stated,  natural  yentflatton 
and  ftunace  ventilation  are  identical,  in  so  liar  as  in  each  the  ventilating 
motor  is  an  air  column.  This  air  column  is  an  imaginary  column  of  air 
whose  weight  is  equal  to  the  difference  between  the  weights  of  the  upcast 
and  downcast  columns.  The  upcast  and  downcast  columns  in  fturnace 
ventilation  are  sometimes  referred  to  as  the  primary  and  secondary 
colunms,  respectively.  The  primcury  or  fwmace  CMumn  is,  in  nearly  every 
case,  a  vertical  column,  and  consists  of  a  single  air  column  whose  average 
temperature  is  easily  approximated.  According  to  the  manner  of  opening 
the  mine,  whether  by  shaft,  slope,  or  drift,  the  tecondary  column  may  be 
a  vertical  coUtmn  in  the  shaft,  an  inclined  colwnn  in  the  slope,  or  an  ouitide 
air  column  in  case  of  a  drift  opening.  AgaiiL  it  is  to  be  observed  that  in 
case  of  a  slope  opening  where  me  top  of  the  itimace  shaft  is  much  higher 
than  the  mouth  of  the  slope,  and  the  dip  of  the  slope  is  considerable,  the 
aecandarjf  column  consists  of  two  columns  of  different  temperatures,  an 
outside  air  column  and  the  slope  column.  These  two  parts  of  ine  secondary 
column  must  be  calculated  separately,  and  their  sum  taken  for  the  wedght  of 
the  secondary  column.  The  level  of  the  top  of  the  fhmace  shaft  detenmines 
the  top  of  both  the  primary  and  secondary  columns,  whether  these  columns 
are  in  the  outer  air  or  in  the  mine.  The  weight  of  the  upcast  or  primary 
column  is  largely  affected  by  its  gaseous  condition.  For  example,  if  the 
return  current  ft*om  the  mine  is  laden  with  blackdamp  CO2,  its  weight  will 
be  much  increased,  since  this  gas  is  practically  U  times  as  heavy  as  air, 

while,  if  laden  with  marsh  gas,  or  firedamp  mix- 
ture, its  weight  will  be  coneiderably  reduced. 
These  causes  decrease  and  increase,  respectively, 
the  ventilating  pressure  in  the  mine. 

Inolined  Air  Columns.— In  a  slope  opening,  the 
air  column  is  inclined;  it  is  none  the  less,  now- 
ever,  an  air  column,  and  must  be  calculated  in 
.p.      .  the  same  manner  as  a  vertical  column  whose  ver- 

i?iG.  7.  ^gj^i  height  corre6]x>nds  to  the  amount  of  dip  of 

the  slope.  Fig.  7  shows  a  vertical  shaft  and  a 
slope,  the  air  column  in  each  of  these  being  the  same  for  the  same  tem- 
perature. The  air  column  in  all  dips  and  nses  must  be  estimated  in  like 
manner,  by  ascertaining  the  vertical  height  of  the  dip. 

Caloulation  of  Ventilating  Pretanre  in  Firnsoe  Ventilation.— The  ventilatins' 
pressure  in  the  mine  airways,  in  natural  or  in  fhmaoe  ventilation,  is  caused 
Dv  the  difference  of  the  weights  of  the  primary  and  secondary  columns.  Air 
always  moves  from  a  point  of  higher  pressure  toward  a  point  of  lower 
pressure,  and  this  movement  of  the  air  is  caused  by  the  difference  between 
these  two  pressures.  In  this  calculation  each  column  is  supposed  to  have 
an  area  of  base  of  1  sq.  ft.  Hence,  if  we  multiply  the  weight  of  1  cu.  ft.  of 
air  at  a  given  barometric  pressure,  and  having  a  temperanire  equal  to  the 
average  temperature  of  the  column,  by  the  vertical  h^ht  D  of  the  column, 
we  obtain  not  only  the  weight  of  the  column  but  the  pressure  at  its  base  due 
to  its  weight.  Now,  since  the  ven^lating  pressure  per  square  foot  in  the 
airway  is  equal  to  the  difference  of  the  weights  of  the  primary  and  seoondarj 
columns,  we  write 


«  _  /1-3258  X  B      1.825S  X  B\^  ^ 
^""  V    459  +  «     ~     459  +  r;^-^' 


Example.— Find  the  ventilating  pressure  in  a  mine  ventilated  bv  a 
ftimace,  the  temperatures  of  the  upcast  and  downcast  columns  being, 
respectively,  9dOP  F.  and  40°  F.,  the  depth  of  the  upcast  and  downcast  shaftB 
being  each  600  ft.,  and  the  barometer  30  in. 

Substituting  the  given  values  in  the  above  equation,  we  have 

1.  -  1.J28S X  JO X  600  ( jjjip^  -  jjjijgj)  -  18.32  lb.  per «,.  ft. 

Caloulation  of  Motive  Column  or  Air  Column.— It  is  often  convenient  to 
express  the  ventilating  pressure  t>  (lb.  per  sq.  ft.)  in  terms  of  air  column  or 
motive  column  Jf,  in  feet.    The  height  of  the  air  column  M  is  equal  to  the 

pressure  p  divided  by  the  weight  w  of  1  cu.  ft.  of  air,  or  Jf  =-  £.   The  exines- 

sion  fbr  motive  column  may  be  written  either  in  terms  of  the  upcast  air  or 
of  the  downcast  air,  the  former  giving  a  higher  motive  column  than  the 
^atter  for  the  same  pressure,  sinoe  the  upcast  air  is  lighter  than  that  of  the 
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downcast  As  the  sorpliu  weight  of  the  downcast  column  of  air  produces 
the  ventilating  pressure,  it  is  preferable  to  write  the  air  column  in  terms  of 
the  downcast  air,  or,  in  other  words,  to  consider  the  air  column  as  being 
located  in  the  doMmcast  shaft,  and  pressing  the  air  downwards  and  through 
th^airwaysof  the  mine.    If  we  divide  the  expression  previously  given  for  the 

(1  S2fi8  ^  E\ 
46Q-t-£     )* 

we  obtain  for  the  motive  column,  after  simplifying,  M  »  (4594]  r)  ^  -^> 

which  is  the  expression  fat  motive  column  in  terms  of  the  downcast  air. 
If,  on  the  other  hand,  we  divide  the  expression   for  the  ventilating 

pressure  by  the  weight  of  1  cu.  ft.  of  upcast  air  (   4594.7*  )»  ^®  obtain 

M  =  f  ^-/7  .]  X  I>t  which  is  the  expression  for  motive  column  in  terms  of 

the  UDcast  air 

Influiiii^e  of  Furnico  Stick.— To  increase  the  height  of  the  primary  or 
Aimace  column,  a  stack  is  often  erected  over  the  mouth  of  the  fUmace  shaft 
The  effect  of  this  is  to  increase  the  ventilating  pressure  in  the  mine  in 
proportion  to  the  increased  height  of  the  primiuy  column,  and  to  Increase 
the  quantity  of  air  passing  in  the  mine  in  proportion  to  the  square  root  ot 
this  height  Thus,  the  square  root  of  the  ratio  of  the  heights  of  the  primary 
column,  before  and  after  the  stack  is  erected,  is  equal  to  the  ratio  of  the 
quantities  of  air  x>a8sing  before  and  after  the  erection  of  the  stack.  Or, 
calling  these  quantities  91  and  q^,  and  the  height  of  stack  d,  we  have 

MCOHANIOAL  VCNTILATOItS. 

A  large  number  of  mookinloal  vtntilitort  have  been  invented  and  applied, 
with  more  or  less  success,  to  the  ventilation  of  mines.  The  earliest  type  of 
ventilator  was  the  trind  cowl,  by  which  the  pressure  of  the  wind  at  the  sur- 
face was  brought  to  bear  effectively  upon  the  mine  airways  by  the  action  of 
a  cowl  whose  mouth  could  be  turned  toward  the  wind:  this  was  naturally 
very  unreliable.  The  water/dU  was  also  extensively  applied  at  one  time,  but 
its  application  could  only  be  made  where  there  was  a  reliable  source  of 
water  supply,  and  where  the  drainage  of  the  mine  could  be  effected  through 
a  tunnel,  or  where  the  mine  opening  could  be  placed  in  connection  with 
such  a  waterfiEkll  outside  of  the  mine.  Where  these  conditions  are  obtained, 
as  is  the  case  in  some  mountainous  districts,  the  waterfall  is  still  in  use,  as 
it  is  an  effective  means  of  ventilation,  and  is  economicaJ.  Its  application, 
however,  must  be  limited  to  the  ventilation  of  small  ndnes.  The  tteam  jet 
is  another  mechanical  device  for  producing  an  air-current  in  the  mine.  The 
steam  is  allowed  to  issue  fix>m  a  ]et  at  the  bottom  of  an  upcast  shaft,  and, 
by  the  force  of  its  discharge,  causes  an  upwud  current  in  the  i^aft.  Its  use, 
however,  is  very  limited,  and  is  practically  restricted  to  the  ventilation  of 
shafts  while  sinking.  In  this  connection  it  may  be  'mentioned,  however, 
that  the  discharged  steam  fh>m  the  mine  pumps,  where  practicable,  may  be 
conducted  into  the  upcast  shaft;  or  the  discharge  pipe  fh>m  the  pumps  may 
be  carried  up  the  upcast  shaft,  its  heat  increaang  the  temperature  of  the 
shaft,  and  thereby  increasing  the  motive  column  and  the  ventilation. 

Fsn  Ventilation.— Mechanical  motors  of  this  type  present  two  distinct 
modes  of  action  in  producing  an  air-current:  (a)  by  propulsion  of  the  air; 
and  (6)  by  establishing  a  pressure  due  to  the  centriftigal  force  incident  to 
the  revolution  of  the  fan.  Fans  have  been  constructed  to  act  wholly  on 
one  or  the  other  of  these  principles,  while  others  have  been  constructed  to 
act  on  both  of  these  principles  combined. 

Disk  Fsnt.— The  action  of  this  type  of  fan  resembles  that  of  a  windmill, 
except  that  in  the  latter  the  wind  drives  the  mill,  while  in  the  former  the 
fan  propels  the  air  or  produces  the  wind.  This  type  of  fan  consists  of  a 
numoer  of  vanes  radiating  from  a  central  diaft,  and  inclined  to  the  plane  of 
revolution.  The  fan  is  set  up  in  the  passageway  between  the  outer  air  and 
the  mine  airways.    Power  being  applied  to  the  shaft  the  levdnUon  of  the 
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▼aneB  mopels  the  air,  and  pioduces  a  cement  in  the  airways.  The  iSui  may 
Ibrce  me  air  through,  or  exhaust  the  air  ftom,  the  airways,  according  to  the 
direction  of  its  revolution.  This  tvpe  of  £eui  is  most  efficient  under  light 
pressures. .  It  has  found  an  extemave  application  in  mining  practice,  and 
has  a  large  number  of  devotees,  but  has  oeen  replaced  to  a  large  decree 
in  the  ventilation  of  extensive  mines.  This  type  of  fan  acts  wholly  by 
propulsion. 

Contrifagal  fans  include  all  fiajis  that  act  solely  on  the  centrifugal  principle, 
and  those  that  combine  th4  centrifugal  and  propulsion  principles.  The 
action  of  the  fan,  whether  by  centriiugal  force  alone,  or  combined  with 
propulsion,  depends  on  the  form  of  the  fiui  blades.  In  this  type  of  fan,  the 
blades  are  all  set  at  right  angles  to  the  plane  of  revolution,  and  not  inclinedj 
as  in  the  disk  fiaii  just  described.  The  blades  may.  however,  be  either  radial 
blades,  sometimes  spoken  of  as  paddle  blades,  or  they  may  be  inclined  to  the 
radius  either  forward  in  the  direction  of  revolution,  or  backward.  When 
the  blades  are  radial,  the  action  of  the  fan  is  centrifugal  only.  The  inclinar 
tion  of  the  blades  backward  from  the  direction  of  motion  eives  rise  to  an 
action  of  propulsion,  in  addition  to  the  centrifugal  action  of  the  fem.  The 
blades  in  this  position  may  be  either  straight  blades  in  an  inclined  position, 
as  in  the  original  Guibal  fan,  or  they  may  be  curved  backward  in  the  form 
of  a  spiral,  as  in  the  Schiele  and  Waddle  mns. 

Centrifugal  fans  may  be  (a)  exhaust  fans  or  (6)  force  £euis  or  blowers.  In 
each,  the  action  of  the  faxL  is  essentially  the  same;  i.  e..  to  create  a  difference 
of  pressure  between  its  intake  or  central  opening,  and  its  discharge  at  the 
circumference.  The  centrifugal  force  developed  oy  the  revolution  of  tibe  air 
between  the  blades  of  the  fan  causes  the  diXr  within  the  fietn  to  crowd  towanl 
the  circumference;  as  a  result,  a  depression  is  caused  at  the  center  and  a 
compression  at  the  circumference,  giving  rise  to  a  difference  of  pressure 
between  the  intake  and  the  discharge  of  the  fan. 

Exktast  Fsnt.— If  the  intake  opening  of  the  £eui  be  placed  in  connection 
with  the  mine  airways,  and  the  discharge  be  open  to  the  atmosphere,  the 
fan  will  act  to  create  a  depression  in  the  fan  drift  leading  to  the  mine,  which 
will  cause  a  flow  of  air  through  the  mine  airways  and  into  and  through  the 
fan.  In  this  case,  the  fan  is  exhausting,  its  Position  being  ahead  of  the 
current  that  it  produces  in  the  airway.  The  atmospheric  pressure  at 
the  intake  of  the  mine  forces  the  air  or  propels  the  current  toward  the 
depression  in  the  fan  drift  caused  by  the  flan's  action. 

Foroo  Fsnt  snd  Blowers.— If  the  discharge  opening  of  the  fkn  be  placed  in 
connection  with  the  mine  airways,  a  compresmon  will  result  in  the  fan  drift 
owing  to  the  fan's  action,  and  the  air  will  flow  fW>m  this  point  of  compres- 
sion through  the  airwavs  of  the  mine,  and  be  discharged  into  the  upcast, 
and  thence  into  the  atmosphere.  The  ventilating  pressure  in  the  case  or 
either  the  exhaust  fan  or  the  force  fian  is  equal  to  the  difference  of  pressure 
created  by  the  Can's  action.  In  the  former  case,  when  the  fan  is  exhausting, 
the  absolute  pressure  in  the  fan  drift  is  equal  to  the  atmospheric  pressure 
less  the  ventilating  pressure,  while  in  the  latter  case,  when  a  flan  is  forcing, 
the  absolute  pressure  In  the  fan  drift  is  equal  to  the  atmospheric  pressure 
increased  by  the  ventilating  pressure.  This  gives  rise  to  two  distinct  systems 
of  ventilation,  known  as  (a)  vacuum  system  and  (6)  plenum  system. 

Vsoaam  System  of  Ventilation.— In  this  system,  the  ventilation  of  the  mine 
is  accomplished  by  creating  a  depression  in  the  return  airway  of  the  mine. 
This  depression  may  be  created  by  the  action  of  an  exhaust  fan,  as  Just 
described,  or  by  the  action  of  a  fUmace.  In  either  case,  the  absolute  pres- 
sure in  the  mine  is  below  that  of  the  atmosphere,  or,  we  may  say.  the  mine 
is  ventilated  under  a  pressure  below  the  atmospheric  pressure,  lliis  system 
has  many  points  of  advantage  over  the  plenum  system,  and  for  years  was 
considered  by  many  the  only  practicable  system  of  ventilation.  Its  appli- 
cation, however,  is  controlled  oy  conditions  in  the  mine  with  respect  to 
the  gases  liberated,  the  arrangement  of  the  haulage  system,  etc. 

Plenum  System  of  Ventilation.— In  this  system,  the  air-current  is  propelled 
through  the  mine  airways  by  means  of  the  compression  or  ventilating 
pressure  created  at  the  intake  ox)ening  of  the  mine.  This  ventilating  pres- 
sure may  be  established  by  a  fan,  waterfall,  wind  cowl,  or  any  other 
mechanical  means  at  hand,  in  this  system,  the  absolute  pressure  in  the  mine 
is  above  that  of  the  atmosphere;  or,  as  we  say,  the  mine  is  ventilated  under 
a  pressure  above  the  atmospheric  pressure. 

Comparison  of  Vaoaum  and  Plenam  Syatema.— No  hard-and-fiist  role  can  be 
nade  to  apply  in  every  case,  at  each  qrstem  hai  its  particular  advantagei. 


TYPES  OF  FANS. 


387 


In  CMe  of  a  sadden  itopptse  of  the  yentilaUng  motor  at  a  mine,  there  is» 
in  the  yacuum  system,  a  rise  of  mine  pressure,  instead  of  a  fall,  and  the 
gases  are  driven  back  into  the  workings  for  a  while,  while,  in  the  plenum 
system,  any  stoppage  of  the  ventilating  motor  is  followed  at  once  by  a  fall  of 
pressure  in  the  mine,  and  mine  gases  expand  more  freely  into  the  passage- 
ways at  the  y&rj  moment  when  their  presence  is  most  dangerous.  Tnis 
point  must  be  carefully  considered  in  the  ventilation  of  deep  workings.  In 
shallow  workings,  the  plenum  system  is  often  advantageous,  especially  if 
there  is  a  large  area  of  abandoned  workings  that  have  a  vent  or  opening  to 
the  atmosphere,  either  through  an  old  sh^ft  or  through  crevices  extending 
to  the  surface.  Every  crevice  or  other  vent  becomes  a  dischaige  opening  by 
which  the  mine  gases  find  their  way  to  the  surface,  and  the  gases  accumu- 
lating in  the  old  workings  are  driven  back  into  the  workings,  and  find  their 
way  to  the  surfiice  instead  of  being  drawn  into  the  mine  airways,  as  would  be 
the  case  in  an  exhaust  system.  Any  given  ficdl  of  the  barometer  affects  the 
expansion  of  mine  gases  to  a  less  extent  in  the  plenum  system  than  in 
the  vacuum  system,  but  this  small  advantage  would  not  give  it  consider- 
ation in  determining  between  the  adoption  of  the  one  or  the  other  of  these 
two  systems;  r^;ard  must  be  had,  however,  to  otiier  conditions  more  vital 
than  this.  In  tne  ventilation  of  easeous  seams,  owing  to  the  necessity  of 
making  the  intake  airway  the  haulage  road,  the  exhaust  system  has  usually 
been  adopted,  as  the  main  road  is  thereby  left  unobstructed  by  doors. 


Fig.  8. 
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We  shall  only  mention  the  more  prominent  types  of  fiins  that  have  been 

or  are  still  in  use,  giving  the 

characteristic  features,  as  nearly 

as  possible,  of  each  fietn.    Many 

fans  have  been  built,  however, 

combining  many  of  the  features 

that  originally  characterized  a 

sinffle  type  of  um. 

Nssmytk  Fas.— Fig.  8  is   the 

original  type  of  &n  representing 

straight  paddle  blades  radiating 

firom  the  center,  which  is  its 

characteristic  feature.    This  was 

probably  the  earliest  attempt  to 

apply  the  centrifugal  principle 

to  a  mine  ventilator,  and  al- 

though  not  recognized  at  the 

time,  the  fietn  embodied  some  of  the  most  essential  principles  in  centriftigal 

ventilation.    It  possessed  certain  disadvantages,  however,  chief  of  which  was 

a  contracted  central  or  intake  opening.    The  blades,  also,  were  straight 

throughout  their  entire  length,  beinff  normal 
both  to  the  inner  and  outer  circles  of  the  fietn, 
and  thus  did  not  provide  for  receiving  the  air 
without  shock  at  the  throat  of  the  tan.  The 
depth  of  Nasmy  th's  blades  equaled  one-half  the 
radius  of  the  fietn,  which  was,  under  ordinary 
conditions  of  mine  practice,  fietr  too  great,  and 
gave  the  fan  a  low  efi&ciency. 

Biram's  Vantilator.  —  About  1850,  Biram  at- 
tempted to  improve  upon  the  Nasmyth  ventilator 
by  reducing  tne  depth  of  blade  so  that  it  was 
but  one-tenth  of  the  radius.  The  blades  were 
straight,  as  in  Nasmyth's  ventilator,  but  inclined 
backwards  from  the  direction  of  motion  at  a 
considerable  angle.  A  larse  number  of  these 
blades  were  employed.    This  fietn  was  run  at  a 

considerable  speed,  but  proved  very  inefiftcient.    It  depended  more  on  the 

effort  of  propulsion  given  to  the  air  than  on  the  centrifugal  principle,  as 

the  depth  of  the  blade  was  as  much  too  small  as  that  of  Nasmyth's  was  too 

Seat.    The  intake  or  central  opening  in  this  fiem  was  as  contracted  as  in 
e  former  type.    See  Pig.  9. 

Wsddle  Ventllstor.— In  this  fan,  Fig.  10,  the  inventor  attempted  to  reenforce 
Uie  discharge  pressure  at  the  circumference  against  the  pressure  of  the 


Fig.  9. 
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■tnuMpheie.  nie  dlaclurge  took  pliwe  sn 
of  the  fkn.  Khich  was  entlielT  opened  to  t! 
eurred  baokwaid  ftom  the  direetlon  of  m 


_ notion  in  Bjtoal  tonn.    The  width 

of  the  blade  decrea«ed  trom  the  Ihrcnt  towaid  (he  drcamierenc^  so  as  Ui 
pteseht  an  Inrene  ntlo  to  the  leivth  of  radius.   Thua,  the  are*  of  msmge 
iMtween  tbe  &n  blades  was 
—  maintained    conitant    from 

the  throat  to  the  circumfer- 
onoo  of  .lie  fan.    The  pnr- 

of  the  all 

and  Id  ftvtifr  llie  preemre 
dae  to  (he  Itin  aguuM  the 


jlty  of 


fore,  eurred  bladea  tapered 
lowaid  tlie  dicumference, 
BDd   a  (tee  dlscha^e  into 


Pia.  10.  the  clieumferenee.     Thli 

tnw  is  the  tieel  type  of  the 
open'rnnniiuE  tUi  liaTliiff  no  peilpbnal  euing,  and  dlscbarglnK  air  Into 


r,  W|. 


made  Inib  a  ^tal  cbarober  sunoundlne  the 
lau  anu  leauiog  ki  iui  eipiuullng  or  tvaai  DUmney.  Theie  was  Bome  adyan. 
tags  In  tliii  teanira,  as  it  protected  the  fiui  against  the  direct  Influence  of 
tlie  atmoephere,  and  redaoed  the  Telocity  it  dlichaigei  but,  In  each  of 
Iheae  bna,  the  Intake  opening  was  contracted,  and  the  deptli  of  blade  was 
vei7  gnU,  ylddlng  a  comparaWTely  low  efBcleney. 

Mbal  VMtllitor.— The  next  Important  atepio  the  Improrement  of  centrU- 
unl  ventilaloTS  irae  Introdnced  by  M.  Gultial,  vho  conatructed  a  &n. 
Pig.  12.  embodving  the  IMCnrea  of  the  Naamyth  TentHator,  with  the  adilltlon 
of  a  easiiig  bmlt  oyer  the  fon  to  iHolect  its  circumferenca.  This  cadng  waa, 
however,  a  tl^t^tllng  caring  and  aa  such,  diObred  *ery  materially  fiimi  the 
Schlele  casing.  In  tlie  Uulbu  fan  the  blades  were  artabged  upon  a  series  of 
parallel  bare  psnlnK  upon  each  aide  of  the  center  and  at  aome  diatance  from 
It.  By  this  construction,  the  bladea  were  not  radial  at  their  inner  edge  or 
le  throat  of  the  fen.  Ther  were  curved,  however,  aa  Uiey  apptoached  the 
'  "     *  '    '  '  K  radial  a(  the  drcniufeience. 


The  adyanbige _.  _  „ 

""■"•  '"  "•"  -evolving  parts,  and.  mnher,  each  blade 
>ilrenilty,theeflfect r'    '  '  ' 


radius  at  Ita  inner  eilremlty,  the  eflfect  of  which  was  to  receive  the  air  upon 
the  blade  with  less  shock  than  was  the  case  In  the  Nasmyih  ventilator.  The 
Intake  or  cehtml  opening,  however,  was  very  oonttacted.  and  the  tl^t-fltUi« 
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casing  atioat  the  dmimeannee  pferented  the  eflbcKlTe  tmtSoa  of  i 
during  a  condderBble  portion  of  Ua  ntTolutlon.  The  bn  was  n 
with  an  6vai6  chimney,  which  waa  &  feature  of  the  aohiele  fi 
so  Htrong  that  a  ihntter  waa  reqDlr«t  at  the  cu(«fl 


the  chlmne;,  to  prerent  It.   Thie  ebntter  ma  made  adjnatable^  and  la  known 
BBthe  WaOier  ihutter,  having  been  applied  to  the  fan  later. 

The  OulbBJ  Yenlllator  preeenta  aome  Important  and  valuable  feature* 
in  the  protecting  cover,  uia  in  the  blades  meetitu,  the  outer  elrcumTerence 
radially,  and  in  the  air  being  received  with  less  shock  than  before.  On  the 
whole.  It  baa  proved  a  veiv  efficient  ventllalor,  although  mnch  work  la  lost 
by  reason  of  lu  contracted  central  orifice  and  Ught  caalng,  where  the  same 

Mnrpkf  Vaatllitor.— Tig.  13  conalsta  of  twin  (kna  Eiipported  on  the  same 
abaft  ana  set  a  few  feet  apart.  Each  fan  receives  Its  air  on  one  side  only, 
the  openings  being  tamed  toward  each  other.  This  ventilator  Is  built  wlui 
a  small  diameter  and  la  mn  at  a  high  speed.  The  blades  are  curved  back- 
wards from  the  direction  of  moUon.    The  Intake  opening  la  conalderably 


il  casing  generally  surrounds  the  bn,  a 

luiH  laniuaiLeii  an  efUcEent  high-speed  motor.    It  has  Tei._.. 

favor  In  the  United.  Slates,  where  It  hae  been  Introduced  into  a  large  DOmber 


CiBtll  *ialllitor.— Perhaps  none  of  the  centrifugal  ventilalorB  have  been 

..  n.fi J — . — 1  .„  rwiiPd  to  Ihefr  principle  of  action  as  the  t^pell  fen. 

sA  along  the  lines  of  the  gchiele  ventllalor,  but  dlfibrs 


from  that  Tentllator  in  the  maaner  of  receiving  lt«  Intake  air  and  delivering 
the  same  Into  the  main  body  of  the  bn.  Here,  and  revolving  with  It,  Is  a  set 
of  smaller  supemunierary  blades.  These  blades  occupy  a  cylindrical  space 
within  the  main  body  of  the  fan,  and  are  inclined  to  the  i^ane  Ot  revolu- 
" * '-■  'n  deflecting  the  entering  air  through  ainall  ports  or 

„ .icUn?n 

Bchiele  fen.  The  laiger  bladea  of  Ul. 
fan  are  ourred  baokwarda  as  the  Bcblele 
blades,  but  aie  not  tapered  toward  the 
clrcmnference.  The  bn  Is  capable  of  giv- 
ing a  high  water  gauge,  and  Is  effliaent 
as  a  mine  ventilator.  The  space  aurround- 
Ing  the  tan  Is  eiteoded  to  Ibrm  an  ex- 
panding chimney.  The  fen  may  be  used 
either  as  an  eihauat  fen  or  a  blower. 
The  best  results  In  the  United  States  have 
been  obtained  by  blowers.    In  Qermany. 


he  fen  ehould  be  located  a  eho 
o  avoid  damage  dne 


an  exhaust  o.   ...-, .  ..^  _«« 

ciently  removed   trom  the  fen   shaft  to 
avoid  damage  If   "'      '      ' 


ullttls shock  loth 
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case  of  gaseous  seams,  explosion  doors  should  be  provided  at  the  shaft 
mouth.  The  ventilator  at  every  large  mine  should  Be  arranged  so  that  it 
mav  be  converted  fix)m  an  exhaust  to  a  blow-down  fan  at  short  notice. 
Thia  is  managed  by  housing  the  central  orifices  or  intake  of  the  fon  in 
such  a  manner  as  to  connect  them  directly  with  the  fan  drift.  A  large  door 
a  6,  Fig.  15,  is  arranged  at  the  foot  of  the  expanding  chimney,  the  latter 

being  placed  between  the  fan 
and  the  shaft.  This  door, 
when  the  fan  is  exhausting, 
is  in  the  lower  posilion  ao, 
and  then  forms  a  portion  of 
the  spiral  casing  leauSkng  to 
the  chimnev.  when  the  fan 
is  blowing,  nowever,  the  door 
is  swung  upwards  so  as  to  oc- 
cupy the  position  a  c,  being 
tangent  to  the  cut-off  at  e, 
thereby  closing  the  discluurge 
into  the  chimney  and  causinr 
it  to  enter  the  £eui  drift  behind 
the  door.  At  the  same  time, 
the  positions  of  the  two  doors, 
ed  and/d,  in  the  faxi  drift,  are 
changed  to  et  and/«,  respec- 
tively, to  open  the  £bji  drift 
to  the  discharge  from  the  fan, 
and  to  close  the  openings  lead- 
ing from  the  £etn  drift  to  the 
housing  upon  each  side  of  the 
£ui,  while  another  set  of  doors 
A  A  upon  each  side  of  the  fiui, 
in  the  housing,  which  were 
.previously  closed  tightly,  are 
now  set  wide  open  to  admit 


Fig.  16. 


the  outside  air  to  the  intake  openings  of  the  fan.  The  fiui  is  thus  made  to 
draw  its  eXr  fh)m  the  atmosphere,  and  discharge  it  into  the  fan  drift,  instead  of 
drawing  its  air  fh>m  the  £eui  drift  and  discharging  into  the  chimney,  as  before. 
The  minomotrical  ofRoioncy  of  a  fan  is  the  ratio  between  its  effective  and 
theoretical  pressures.    It  has  been  assumed  that  the  theoretical  pressure  due 

If'  Mt  V  1  2  V  12 

to  the  fan's  action  is  given  by  the  equation  A  =  — ,  or  i  =»  — ^^TyiSk-^* 

u  being,  as  before,  the  tangential  speed  (feet  per  second),  and  g  the  force  of 
gravity  (32.16);  h  =  head  of  air  column  in  feet;  i  =  water  gauge  in  inches. 
The  term  mechanical  ofRclencv,  as  applied  to  the  ventilator,  is  the  ratio 
between  its  effective  and  theoretical  potoers.  In  estimating  the  efficiency  of 
a  ventilator,  it  is  customary,  though  incorrect,  to  estimate  the  theoretical 
power  of  the  fan  from  an  engine  card  taken  fh>m  the  steam  cylinder  of  the 
fan  engine.  The  efficiency  of  the  steam  engine  is  thus  confused  with  the 
efficiency  of  the  ventilator.    Mr.  Beard  gives  the  following  formula  fbr 

the  theoretical  work  of  the  fan  per  minute:  U  =  .001699 — ^  y/TlK*  h  «^. 

in  which  m  =  ratio  between  outer  and  inner  diameters  of  Seui  {D  ^  m  d), 
and  V  =  velocity  (feet  per  minute)  of  air  in  fan  drift;  R  =>  outer  radius  of 
fan  blades  (feet);  6  =  breadth  of  fan  blades  (feet);  n  =«  number  of  revolu- 
tions of  fan  per  minute.  If  we  divide  the  power  upon  the  air,  as  determined 
by  the  expression  op,  by  the  theoretical  work  given  in  the  last  equation,  we 
obtain  the  value  or  the  coefficient  of  efficiency.  According  to  this  Ibrmula 
the  efficiency  of  the  ventilator  changes  with  the  speed,  decreasing  as  the 
speed  increases,  but  not  in  the  same  ratio.    An  expression  for  the  coefficient 

16S.600f' 

of  efficiency  of  a  ventilator  is  given  by  Beard  as  follows:  K  —  cX^\t&ta»' 

The  Hetctor  e  is  a  constant  of  design  whose  value  may  vary  ttom.  2  to  7,  but 
for  an  ordinary  design,  the  value  c  «  4  may  be  taken.  This  factor  has  refier- 
ence  to  the  equipment  of  the  machine  witn  respect  to  its  efficiency  for  pass- 
ing an  air-current  through  itself  with  least  resistance.  Thus,  where  the 
ventilator  is  to  be  equipped  with  intake  blades  for  the  deflection  ot  the  air* 
mnent  into  the  motor,  and  with  straight  radial  blades  having  onJbraforwaid 
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cnnre  at  the  lip  of  the  blade  to  ayoid  the  shock  of  the  entry  air  against  the 
revolving  blaaes,  and  the  spiral  casing  starting  a  short  distance  upon  the 
cut-off  and  extending  uniformly  around  the  circumference  of  the  &n, 
the  value  of  this  constant  may  be  2  or  3.  Where  none  of  these  accessories 
to  the  ei&ciency  of  the  fitn  is  employed,  the  value  of  e  may  be  as  high  as  7. 


^ 


FAN  OON8TRUOTION. 

Sizo  of  Contrsl  Orlfloo.— The  velocity  of  the  intake  should  vary  between 
1.000  ft.  and  1,600  ft.  per  minute,  while  1,200  ft  may  be  used  for  fiein  calcula- 
tions.   If  d  s  diameter  of  opening,  and  q  <»  quantity  of  air  passing  per 

"^"*«'  "  =  Vl.a»  X  .7864  '■'"  «'"«'«-tat^e  ItaB,  «ld  d  -  -y/a,^  ^  .7864 
for  double-intake  fons. 

Upon  entering  the  fan  the  air  travels  in  a  radial  direction;  this  change  of 
direction  is  accompanied  by  a  slight  reduction  of  the  velocity,  hence  the 
throat  area  of  the  £an  must  be  slightly  in  excess  of  the  intake  area.  The 
throojt  is  the  surface  of  the  imaginary  cylinder  that  has  for  its  two  bases  the 
two  intake  openings  of  the  fietn,  and  for  its  length  the  width  of  the  fan,  =* 
vdh.  [The  throat  area  is  commonly  made  1.25  times  the  total  area  of  the 
intake  orifices,  which  gives  for  breadth  of  blade  6  »  |d  for  double  intake, 
and  6  =>  -A  d  for  single  intake.— ^eard.l 

DIsmeter  of  Fsn.— Murgue  assumes  the  tangential  velocity  of  the  blade 
tips  (tf)  to  create  a  depreision  double  that  due  to  the  velocity  as  expressed 

by  the  equation  JJ  =  — ,  or  if  the  manometrical  efBciency  »  JT,  and  the 

effective  head  produced  =  A,  ft  =  KH  =  K  —,or  u  =*  -\/^.   From  this 

equation,  the  tangential  velocity  (feet  per  second)  may  be  calculated  for 

any  given  effective  head  A.    This  effective  head  h  is  the  head  of  air  column 

effective  in  producing  the  circulation  in  the  airway.     To  convert  the 

effective  head  of  air  column  into  inches  of  water  gauge  (i),  we  have 

1000 
h  s  iVvTio  ^'    Having  found  the  tangential  speed  required  in  feet  per 

second,  this  is  multiplied  by  60,  to  obtain  the  speed  in  feet  per  minute, 
and  dividing  this  result  by  the  desired  number  of  revolutions  per  minute,  or 
the  desired  speed  of  the  ventilator,  the  outer  circumference  of  the  fan 
blades  is  obtained.  Mo  reference  is  made  in  the  equation  to  the  quantity 
of  air  in  circulation,  which  is  determined  ftom  the  equivalent  orifice  of 

the  mine  and  of  the  fen  by  the  equation  V  =-  ^^     J|"    in    which 

V  =»  volume  of  air  (cu.  ft.  per  sec.);  a  =«  equivalent  orifice  of  the  mine; 
o  =  the  equivalent  orifice  of  the  ran.    M.  Murgue  also  uses  the  equatlop 

h  =  — 1— ,  and  suggests  that  the  value  of  K  for  any  particular  type  of 

machine  should  be  first  decided,  after  which  the  tangential  speed  required 
to  produce  any  given  effective  head  of  air  column  (A)  is  easily  ^calculated 

firom  the  formula  u  =«  -x/V'    The  breadth  of  the  blade  is  left  largely  to 

judgment,  while  this  method  of  calculation  gives  the  same  size  of  fan 
for  any  given  effective  head  desired,  regardless  of  the  quantity  of  air  to 
be  circulated,  which  is  the  same  as  saying  that  the  ventilator  will  present 
the  same  efficiency  when  a  large  amount  of  air  is  crowded  through  its 
orifice  of  passage  as  when  a  smaller  amount  of  air  is  necessary. 

Mr.  Bea^  uses  the  following  formulas  for  determining  the  several  dimen* 
lions  of  a  ventilating  fan: __ 

„  =.  ../— %=(c  +  i^)  + 1;  X,  -  -^^    ?=^^; 

I,  «  385,000,000 p  ^  ^  |/m»-l     4/X»  JT*  V, 

"  (m3-.l)n»jri/QT*  "     170m        \       p 


r 
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in  which  m  =^  -^,  which  is  the  ratio  between  the  outer  diameter  of  the  ikn 

blades  D  and  the  inner  diameter  of  the  blade  d,  which  equals  the  diameter  of 
the  intake  orifice;  6  =  width  of  fan  blade;  e  =  expansionof  spiral  casing  at 
point  of  cut-off. 

The  other  ^mbols  stand  for  the  same  quantities  as  previously  indicated. 

Curvature  of  BIsdet.— It  was  at  one  time  supposed  that  the  curvature  of 
the  blades  should  be  such  that  the  radial  nassage  of  the  air-current  would 
be  undisturbed  by  the  revolution  of  the  mn;  but  fans  constructed  on  this 
principle  gave  no  adequate  results,  and  the  theoretical  spiral  thus  developed 
was  entirely  abandoned.  A  certain  curvature  of  the  blade  backward, 
however,  is  assumed  by  many  to  increase  the  efficiency  of  the  fiin.  This 
has  not  been  proved  in  practice,  but  the  effect  of  the  backward  curvature 
appears  simply  to  necessitate  a  higher  speed  of  revolution  in  the  fim,  in 
order  to  obtain  the  same  results  as  are  obtained  with  radial  blades. 

The  Guibal  blade,  radial  at  its  outer  eztremitv,  or  normal  to  the  outer 
circumference,  and  curved  forward  in  the  direction  of  motion,  at  its  inner 
extremity,  so  that  the  lip  of  the  blade  approaches  taneency  to  the  throat 
circle,  seems  the  most  effective  blade  in  centriAigal  ventilation. 

Tapored  BIsdot.— The  object  of  the  taper  is  to  produce  a  constant  area  of 
passage  fiom  the  throat  to  the  circumference  of  the  fon,  and  thus  i«event 
the  reduction  of  the  velocity  of  the  current  in  its  passage  through  the 
fiui.  This  feature  presents  an  attempt  similar  to  that  attempted  By  the 
curvature  of  the  blades,  to  hasten  the  passage  of  the  air  through  the  fan. 
It  has  not  been  proved,  however,  to  have  produced  any  beneficial  result, 
except  in  the  strengthening  of  the  discharse  pressure  against  the  atmoB> 
pheric  pressure,  in  open-running  fans.  On  the  other  hand,  the  slowing  up 
of  the  air  in  its  passage  through  a  covered  £eui  has  by  no  means  been 
proved  a  detriment,  but  is  assumed  by  many  to  be  an  advantage,  inasmuch 
as  the  air  thus  remains  longer  within  the  influence  of  the  £eui  blades. 

The  nambor  of  blidos  depends  on  the  size  of  the  fan.  *An  increased  number 
strengthens  the  fon's  action  at  the  circumference,  or  supports  the  air  at  that 
point,  and  thus  prevents  the  backlash  or  the  reentry  of  air  into  the  fan.  due 
to  the  eddies  occurring  at  the  circumference  when  the  blades  are  too  fiir 
apart.  To  a  certain  extent,  the  number  of  blades  is  modified  by  the  speed 
or  revolution,  high-speed  motors  requiring  a  somewhat  lesser  number, 
while  low-speed  motors  require  more.  In  any  case,  the  number  of  blades 
should  not  oe  so  great  as  to  abnormally  increase  the  resistance  to  the  air- 
current.  In  general,  the  distance  upon  the  outer  circumference  fh>m  tip 
to  tip  of  the  ran  blades  should  be  from  2  to  3  times  the  depth  of  the  blade. 

Tne  spiral  osaing  gradually  reduces  the  velocity  of  the  air  and  reduces  the 
shock  incident  to  the  discharge  of  the  air  into  the  atmosphere.  The  spiral 
casing  should  be  so  proportioned  that  the  velocity  of  the  flow  fh>m  the  flEUi 
blades  will  be  maintained  constant  around  the  entire  circumference,  and 
this  should  not  be  less  than  the  velocity  of  the  blade  tips.  The  expansion  e 
of  the  casing  at  the  cut-off  should  be  such  as  to  provide  a  velodty  of  the 
air  at  this  point  equal  to  the  velocity  of  the  blade  tips*  according  to  the 

equation  e  =     S  xi  in  which  D  —  diameter  of  fitn;  n  —  number  revolu- 

tions  per  minuto;  h  »  breadth  of  fan  blade. 

The  <vaae  ohimnoy  reduces  the  velocity  of  the  air,  as  it  is  discharged  Into 
the  atmosphere,  to  a  minimum.  The  chimney  should  be  sufficiently  high 
to  protect  the  fan  from  the  effect  of  high  winds,  but  should  not  extend  too 
far  above  the  fan  casing,  the  point  of  cut-off  being  situated  below  this,  at 
about  the  level  of  a  tangent  to  the  throat  circle  at  its  lower  side. 

High-Speed  and  Low-Speed  Motora.— The  question  of  speed  of  the  venti- 
lating motor  is  largely  an  open  one,  inasmuch  as  the  same  work  mav  be 
performed  by  a  small  ventilator  running  at  a  high  speed  as  is  performed  by 
a  larffe  ventilator  running  at  a  low  speed. 

It  Is  important  to  design  a  mine  ventilator  at  a  speed  such  as  to  admit  of 
its  being  incr^ued  in  case  of  emergency.  If  the  ventilator  has  been 
designed  at  a  high  speed,  a  demand  for  an  increase  of  speed  cannot  be  met 
as  readily  as  when  the  ventilator  is  designed  at  a  medium  or  low  speed;  In 
other  words,  the  exigencies  of  mine  ventilation  demand  that  a  ventilator 
shall  be  capable  of  greatly  Increased  speed. 

Fan  Teata.~A  large  number  of  &n  tests  have  been  made,  ftoxa.  time  to 
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time,  on  diiferent  types  of  fitns  and  nnder  difterent  oondittona,  with  xeneot 
to  the  resigtanoe  againflt  which  the  fiui  is  operated,  and  the  quantity  of  air 
required,  and  the  speed  of  the  ventilator.  The  experiments  have  resulted, 
to  a  large  extent,  in  tabulating  a  mass  of  contradictory  data.  The  condi- 
tions thaPt  affect  the  yield  of  the  centrifugal  yentilator  are  so  numerous,  and 
the  tabulation  of  the  necessary  data  has  been  so  often  neglected  in  these 
experiments,  as  to  render  them  jMtictically  useless  for  the  purpose  of 
scientiflc  investigation.  In  conducting  a  reliable  £eui  test,  the  following 
points  should  be  observed:  (1)  Take  the  velocity,  pressure,  and  temperature 
of  the  air  at  the  same  point  in  the  airway,  as  nearly  as  practicable.  This 
point  should  be  selectea  near  the  foot  of  the  downcast  shaft,  or  in  the  fiui 
drift  at  a  suitable  distance  firom  the  fim,  to  avoid  oscillations  of  pressure  and 
velocity.  (2)  The  area  of  the  £eui  drift  should  be  uniform  for  a  suitable 
distance  in  each  direction  from  the  point  of  observation,  and  this  area 
should  be  carefliUy  measured.  (8)  Take  the  anemometer  readings  at  differ- 
ent positions  in  the  airway,  so  as  to  obtain  an  average  reading  over  the  entire 
sectional  area.  Do  not  interpose  the  body  in  this  area  so  as  to  decrease  the 
sectional  area  of  the  airway.  (4)  Take  outside  temperature  of  the  air  and 
the  barometric  pressure  at  the  time  of  making  the  test.  (5)  The  intake  and 
discharse  openings  of  the  fan  should  be  protected  against  wind  pressure. 
(6)  At  least  three  observations  should  be  made,  at  as  many  different  speeds 
of  the  ventilator,  and  the  number  of  revolutions  of  the  ISui  careftilly  observed 
and  recorded  for  each  observation. 

Mr.  R.  Van  A.  Norris  (Trans.  A.  I.  M.  B.,  Vol.  XX,  page  GSJ)  gives  the 
results  of  a  large  number  of  experiments  performed  upon  different  mine 
ventilatine  fiuis.  This  table,  like  all  other  tabulated  fan  tests,  shows  a  large 
amount  of  contradictory  data.  The  conclusions  drawn  by  Mr.  Norris  from 
these  tests  are  interesting  and  would  be  given  here  excepting  that  they 
might  be  misleading  if  considered  apart  fW>m  the  description  of  the  experi- 
ments and  the  discussion  leading  up  to  the  conclusions. 


OONDUOTINQ  Allt-OU  It  RENTS. 

Doors.— A  mine  door  is  used  for  the  purpose  of  deflecting  the  air-current 
ttom.  its  course  in  one  entry  so  as  to  cause  it  to  traverse  another  entry,  at  the 
same  time  permitting  Uie  passage  of  mine  cars  through  the  first  entnr.  The 
essential  points  in  the  oonstrucnon  of  a  mine  door  are  that  it  shall  oe  hung 
f^rom  a  strong  door  f^rame  in  such  a  manner  as  to  close  \nUh  the  current.  The 
door  should  be  hung  so  as  to  have  a  slight  fall.  If  necessary,  canvas  flaps 
may  be  supplied  to  prevent  leakage  around  the  door,  and  particularly  at  the 
bottom.  Double  doors  are  used  on  main  entries  at  the  shaft  bottom,  or  at 
any  point  where  the  openinff  of  the  door  causes  a  stoppage  of  the  entire  cir- 
culation of  the  mine.  Sucn  doors  should  be  placea  a  sufficient  distance 
apart  to  allow  an  entire  trip  of  mine  cars  to  stand  between  them,  so  that  one 
of  the  doors  will  always  be  closed  while  the  other  is  open. 

StopDinp.— Stoppings  are  used  to  close  break-throughs  that  have  been 
made  through  two  entries,  or  rooms,  for  the  purpose  of  maintaining  the  cir- 
culation as  the  workings  advance;  also  to  close  or  seal  off  abandoned  rooms 
or  working  places.  Stoppings  must  be  air-tight  and  substantiallv  built.  A 
good  form  of  stopping  u  constructed  by  laying  up  a  double  wall  of  slate, 
having  about  8  or  io  in.  of  space  between  the  two  walls.  This  space  is  filled, 
as  the  Duilding  progresses,  with  dirt  taken  from  the  roadways,  or  other  fine 
material.  In  the  building  of  stoppings  to  seal  off  mine  fires,  it  is  important 
to  begin  the  work  at  the  end  nearest  the  return  air,  and  work  toward  the 
intake  end,  which  should  be  sealed  off  last.  This  method  avoids  the  danger 
of  an  explosion  occurring  within  the  workings  that  are  being  sealed  off,  as 
the  necesMuy  dilution  of  the  gases  within  is  accomplished  by  the  fresh  air- 
current,  until  the  intake  is  finally  sealed.  Where  the  intake  is  sealed  first, 
an  explosion  is  almost  inevitable,  as  has  been  proved  in  many  instances. 

Air  Bridges.— An  air  bridge  is  a  bridge  constructed  for  the  passage  of  air 
across  and  over  another  airway,  this  being  called  an  overcatt;  or,  the  cross- 
ing may  be''  made  to  pass  under  the  airway,  this  being  called  an  undercast. 
In  almost  every  instance,  overcasts  are  preferable  to  undercasts  for  several 
reasons.  An  undercast  is  liable  to  be  filled  with  water  accumulating  from 
mine  drainage;  it  is  also  liable  to  fill  with  heavy  damps  fW>m  the  mine,  when 
the  ventilation  is  sluggish,  and  to  offer  considerable  resistance  to  the  tree 
passage  of  the  air-current.  An  undercast  can  never  be  maintained  as  air- 
tight as  an  overcast,  on  account  of  the  continual  travel  through  the 
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conttnual 


haulaf^way  or  passageway  leading  over  it.   This 

the  bndge  causes  a  fine  dust  to  sift  into  the  airway  and  mingle  wi 


oTer 
the 

air-current.  All  these  objections  are  overcome  in  the  construction  of  the 
overcast. 

An  sir  brsttioo  is  any  partition  erected  in  an  airway  for  the  purpose  of 
deflecting  the  current.  A  thin  board  stopping  is  sometimes  spoken  of  as  a 
brattice;  out  the  term  applies  more  particularly  to  a  thin  hoard  or  canvas 
partition  running  the  lensrth  of  an  entry  or  room  and  dividing  it  into  two 
airways,  so  that  the  &ir  will  be  obliged  to  pass  up  one  side  of  me  partition 
and  return  on  the  other  side  of  the  partition,  thus  sweeping  the  face  of  the 
heading  or  chamber.  Such  a  temporary  brattice  is  often  constructed  by 
nailing  brattice  cloth  or  heavy  duck  canvas  to  upright  posts  set  from  4  to  6  ft 
apart  along  one  side  of  the  entry  a  short  distance  from  the  rib. 

Cartsins.—These  are  sometimes  called  canvas  doors.  Heavy  duck,  or 
canvas,  is  hung  from  the  roof  of  the  entry  to  divide  the  air  or  deflect  a 
portion  of  it  into  another  chamber  or  entry.  Curtains  are  thus  used  very 
often  previous  to  setting  a  permanent  door  frame.  They  are  of  much  use 
in  longwall  work,  or  where  there  is  a  continued  settlement  of  the  roof, 
which  would  prevent  the  construction  of  a  permanent  door;  also,  in  tempo> 
rary  openings  where  a  door  is  not  required. 


HOISTING  AND  HAULAGE. 


HOISTING. 

There  are  two  general  systems  of  hoisting  in  use:  (a)  HoMmg  without 
cUtempting  to  balance  the  load.  In  this  system,  the  cage  and  iis  load  are  hoisted 
by  an  engine  and  lowered  by  gravity,     (b)  Hoisting  in  balance.    In  this 


(S)  conical  drams;  (4)  the  Koepe  system;  (o)  the  Whiting  system. 

1.  Doable  cylindrical  drums  are  widely  used:  they  conast  essentially  of  an 
engine  coupled  directly  or  else  geared  to  the  common  axis  of  the  drums. 
The  drums  are  usually  provld^  with  friction  or  positive  dutches,  and 
brakes,  so  that  they  can  be  run  singly  if  desired,  or  the  load  can  be  lowered 
by  gravity  and  the  brake. 

2.  Fiat  rcpes  wound  on  reels  are  sometimes  used  either  for  unbalanced 
hoisting  with  a  single  reel  or  for  balanced  hoisting  with  a  double  reel.  With 

the  double  reels,  the  load  on 
the  engine  is  balanced 
throughout  the  entire  hoist, 
for,  as  the  rope  is  wound  on 
the  reel,  tiie  diameter  of  the 
reel  is  increased,  and  the 
lever  arm  through  which 
the  power  of  the  engine  is 
applied  is  also  increAsed  and 
the  mechanical  efficiency  of 
the  hoisting  system  de- 
creased. Thus,  when  the 
cage  is  at  the  Iwttom  of  the 
shaft  and  the  entire  weight 
of  the  rope  is  out,  giving  the 
maximum  load  to  be  hoisted, 
the  drum  is  of  a  minimum 
diameter  and  theengine  has, 
therefore,  its  greatest  lever- 
age to  start  the  load.  A  flat 
has  the  advantage  of 


Fig. 


rope  nas  tne  advantage  of 
preventing  fleeting,  but  its  first  cost,  extra  weignt,  wear,  and  difficulty  of 
repairing  have  prevented  its  very  general  adoption. 

3.  ConiosI  Drums.— A  conical  drum.  Fig.  1,  equalizes  the  load  on  an  engine 
lust  as  a  flat  rope  on  a  reel  does.  On  account  of  the  fleeting  of  the  rope, 
however,  the  dram  must  be  set  at  a  considerable  distance  from  the  shaft  to 
prevent  the  rope  leaving  the  head-sheave.    A  tail-rope  gives  the  moit 
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the  wcd^t  of  tb«  can  (Dd  Tope  on  Meh  ild«  bcilu 

.^—^  Jt  equu. 

4.  In  the  KMp*  ijiitin,  Fig.  2.  one  rope  luns  over  and  (be  othor  ander 
driTlns  Ebearee  B.  A.  tall-iope  S  it  used,  aod  the  head-sheevea  x.  ^  an 
placed  TerUoftllr  and  at  Boch  an 

angle  to  each  othei  that  their 
groores  and  the  groove  In  the  dri- 
ving iheave  are  In  line.  Ab  the 
11  diivlnB  ibaft  U  ahort,  the  en- 

8  can  be  placed  oloie  togelher. 

I  requliing  a  aniallei  fOandadon 

en^ne  house  than  for  a  drum 

hoist.  The  objecilou  to  the  aysUao 
ii  the  liabUlt;  of  the  rope  to  Bllpplng 
about  the  dnvlne  sheave,  add  Tot 
this  reuon  a  hoiiuog  Indicator  can- 
not be  depended  gn.  Tbe  system  Is 
also  Inconvenient  tor  hoisting  tmc 
leveU  In  the  moa  shaft,  and.  In  case 
btatklng,  both  c««ea  lUl  to  the  bottom 

5.  Tbe  Wkltlni  irttin,  F)g.  3,  uses  t 

grooved  dnuns  plaoed  tandem  Instead  of  a  slngle- 
diiving  sheave  u  it  used  in  the  Koepe  ^stem. 
nie  rope  panes  from  the  cage  A  over  a  head-sneave, 
nnderihagulde  sheave  T  and  around  the  sheaves 
jr.  P  three  times,  then  out  to  Che  fleet  sheave  C. 
back  under  another  guide  sheave,  and  up  over 
another  head-^eave  to  the  cage  B.   The  sheave  Jf 

.  la  driven  by  a  motor  either  coupled  direct  to  Its 
ahatt,  or  geared.  The  drums  i^  and  Jtf  ace  coupled 
together  by  a  pair  of  connecting-rods  like  the 
dnvecs  of  a  locomotive,  and  this  anangement 
makes  It  possible  '""■■"'■".  -^n  -^.^  r-i^»'«^  -^*i^»v 
diums  K  ■*-■—  •' 


„  ._ e  chaflng  between  tl 

around  the  drums  and  to  prevent  tbem  from 

running  off  by  enabling  It ' ' 

each  groove  In  one  drum  st—c — ,--,- 

groove  in  the  other.    This  throws  the  shad  and 

orankpinsoutofpaiftllelwllh  tb ''•'■ '- 

drum,   but  this  difficulty  is  ovtrmme  u;    mt 
connections  In  the  ends  of  the  paiallel  rods. 


the  rope,  whereby  hoist         .  . 

The  pswtr  used  for  bolsung  Is  generally  st 
ttld^  la,  however,  coming  raiddly  into  use. 
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and  local  instaUatiosa,  and  for  main  hoists  in  locations  where  Aiel  is 
expensive  and  water-power  available.  Gasoline  engines  are  also  bcdng  used 
to  an  increasing  degree,  particularly  for  smaller  hoists  and  in  local  installa- 
tions, and  they  are  said  to  give  very  satis&ctory  results. 


PROBLEMS  IN  H018TINQ. 

To  Baltnco  •  Conloal  Dram.— Having  given  the  diameter  of  one  end  of  a 
conical  drum,  to  determine  the  diameter  of  the  other  end  that  will  equalize 
the  load  on  the  engines.  In  Fig.  1,  call  total  load  at  bottom  A,  empty  cage 
at  top  B,  loaded  cage  at  top  C,  empty  cage  plus  rope  at  bottom  x>,  small 
diameter  of  drum  x,  and  large  diameter  y;  then,  Ax—  By  =  Cy  —  Dx. 

Example.— In  a  shaft,  the  cage  welehs  2  tons,  the  empty  car  1  ton,  the 
loaded  car  8  tons,  and  the  rope  2  tons.  What  should  be  the  small  diameter  of 
&  conical  drum  whose  large  diameter  is  30  ft.? 

(2  +  2  -h  8)a;  -  (2  +  1)30  =  (2  +  3)30  -  (2  +  2  +  1)0:, 

or        .  7x  — 90  =«  150  — 60!. 

.-.    12«  =  240, 

«  =  20  ft. 

To  Find  tho  Sizo  of  tho  Hoisting  Englno.— Let  D  =  diameter  of  cylinder, 
P  =  mean  effective  steam  pressure  in  cylinders,  r  =>  ratio  of  stroke  to  diam- 
eter of  cylinder,  and  w  =  work  per  revolution  required  to  be  done;  then,  by 
making  one  cylinder  capable  of  doing  the  work,  n  =  number  of  stroxes, 
u  =  work  per  minute  (ft.-lb.). 

D  =  1.97^'#^.  0tD-  -W        "„      . 
\Pr*  \.7854  Prn 

ExABiPLB.— What  should  be  the  size  of  the  cylinders  of  a  hoisting  engine 
that  is  to  perform  162,580  ft.-lb.  of  work  per  revolution,  if  the  mean  eifeiitive 
pressure  is  45  lb.  per  sq.  in.  and  the  stroke  of  the  piston  is  twice  its  diameter? 

_       ,  ^  8/152,580       ^  _, 
^'^•^\45X2  =23.5in. 

To  get  up  speed  in  a  few  seconds,  more  power  than  would  be  represented 
by  the  load  to  be  lifted  is  required.  Mr.  Percy  gives  the  following  rule  for 
this  case:  In  a  properly  balanced  winding  arrangement,  with  uniform  load, 
multiply  the  weight  of  coal  in  pounds  bv  the  average  speed  of  the  cage  in 
feet  per  minute;  add  one-half  to  cover  the  factional  resistances,  and  call 
that  the  load.  Then  the  power  that  must  equal  this  must  be  the  average 
effective  pressure  of  steam  in  pounds  per  square  inch  on  the  piston,  multi- 
plied by  the  area  of  one  cylinder  in  square  inches,  and  multiplied  again  by 
the  average  speed  of  the  piston  in  feet  per  minute. 

Approximately,  the  average  effective  pressure  of  steam  will  be  two-thirds 
of  the  pressure  shown  on  the  gauge  near  the  engines.  A  good  average  piston 
speed  IS  400  ft.  per  minute. 

To  Find  iht  Aotual  Horsepower  of  on  Engine  for  Hoisting  Any  Loid  Oat  of  •  Sliifl 
it  i  Given  Rate  of  Speed.— To  the  weight  of  the  loaded  car  add  the  weight  of 
the  rope  and  cage.    This  will  give  the  gross  weight. 

rm.««    TT   T»         fifToss  weight  in  lb.  X  speed  in  ft  per  minute      , .  ,  - 
Then,  H.  P.  =  ^ ^ ^^ SS ;  add*  for 

contingencies,  ftlction,  etc. 

Example.— Having  a  shaft  600  ft.  deep,  gross  weight  of  load  20,000  Ibw,  to 
be  hoisted  in  U  minutes,  what  horsepower  is  required? 

20  000  V400 

H.  p.  =  ^^^  =  243  H.  P,  nearly.  To  which  add  i  foe  contingen- 
cies, and  we  have  324  H.  P. 

In  a  shaft  with  two  hoistways,  use  the  net  weight  +  the  weight  of  one 
rope,  instead  of  the  gross  weight. 

The  following  rules  regarcung  winding  engines  are  given  by  Percy: 
,,  1-    To  Find  tlie  Losd  Tliat  i  Given  Pair  of  Direot-Aoting  Engines  Will  Start 
Multiply  the  area  of  one  cylinder  by  the  average  pressure  of  the  steam 
p^  square  inch  in  the  cylinder,  and  twice  the  len^  of  the  stroke.   Divide 
his  by  the  circumference  of  the  drum,  and  deduct  i  for  Motion,  e^. 
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ExAMFLS.— GlYOi  a  pair  of  engineB,  cylinder!  20  In.  diameter  by  40  in. 
Btroke,  the  drum  12  ft.  diameter,  and  the  pressure  at  steam  gauge  60  lb., 
steam  cutK>ff  at  |,  average  pressure  of  steam  in  cylinder  48.2  lb. 

Then,  area  of  cylinder  =  814.16  sq.  in.    814.16  X  48.2  X  80  »  1,211,400.96. 

The  circumference  of  the  drum  »  452.4  in.  1^211,400.96  -i-  462.4  >-  2,677. 
f  of  2,677  =  1,784  lb.,  or  the  net  load. 

The  gross  load  would  include  the  weight  of  rope,  cage,  and  car,  but  as 
these  are  balanced  by  the  deecendinar  rope,  cage,  and  oar,  the  net  load  cmly 
Is  found.   The  drum  mentioned  is  cylindrical. 

2.  Knowing  the  Load  and  tho  Olamotor  of  a  Cylindrioal  Dmm,  aad  the  Loncth  of 
Stroke,  tho  Cut-off  and  Proaaoro  of  Stoam  at  Stoam  Qaogo,  to  Find  tho  Aroa  and 
Diamotor  of  Cyiindora  of  a  Pair  of  Diraot-Aoting  Enginaa.-~Multiply  the  load  by 
the  circumference  of  the  drum,  and  add  one-half  for  Motion,  etc.  Divide 
this  by  the  mean  average  steam  pressure,  multiplied  by  twice  the  length  of 
the  stroke. 

Example.— Having  the  drum  10  ft.  in  diameter,  the  stroke  6  ft.,  the  steam 
pressure  at  gauge  60  lb.,  the  cutoff  at  I  of  stroke,  and  the  load  6  tons,  or 
11,2001b. 

-   Then  11,200  X  81.416  (circumference  of  drum)  —  851,8&9.    851,889  +  i  of 
851,859  (or  175.980)  =  527,789. 

The  mean  average  pressure  =>>  66.2  lb.  66.2  X  (6  X  2)  «  674.4.  527,789 
■+■  674.4  «  782.6  sq.  in.,  area  of  piston. 

782.6  -c-  .7854  -  996.    ]/  996  »  81.56  in.,  or  diameter  of  cylinder. 

3.  To  Find  tho  Approximata  Parlod  of  Winding  on  a  Cyllndrlcai  Dium  With  a  Pair 
of  Diraot-Aoting  Enginaa.^A8sume  the  piston  to  traveiat  an  average  velocity  of 
400  ft.  p^  minute,  and  divide  this  by  twice  the  length  of  the  stroke,  and 
multiply  by  the  circumference  of  the  drum.  This  gives  the  speed  of  cage  in 
feet  per  minute.  Divide  the  depth  of  shaft  by  this,  and  the  result  will  be  the 
period  of  winding. 

Example.— Drum,  81.416  ft.  circumference;  stroke,  6  ft.;  depth  of  shaft, 
1,500  ft. 

Then,  400  4- 12  =  88.88.  88.88  X  81.416  -  1,047.1.  1,500  -t- 1,047.1  «  1.48 
min.,  or  about  1  min.  26  sec. 

4.  To  Find  tho  Usafiil  Horaapawar  During  a  Winding.— Multiply  the  depth  of 
shaft  by  net  weight  raised;  divide  this  by  number  of  minutes  occujMed  in 
winding,  and  divide  again  by  83,000. 

ExAMPLB.~Net  weight,  2  tons  =  4,4801b.;  depth,  1,500  ft.;  period  of  wind- 
ing, 1.43  minutes. 

Then,  4,480  X  1,600  =  6,720,000.  6,720,000  -i- 1.43  -  4,699,301.  4,699,301 
-I-  88,000  «  142-hH.  P.  -       

HEAD-PRAM  CS. 

Htad-ffrainaa  are  built  of  wood  or  steel,  and  some  of  the  tyidcal  forms  ue 

shown  on  pages  275  and  276.  They  varv  in 
lieight  ih>m  80  to  100  ft.,  depending  on  local 
conditions. 

The  inclined  leg  of  a  head-fhune  should  be 

g laced  so  as  to  take  up  tiie  resultant  strain  due 
>  the  load  hanging  down  the  shaft  and  the 
pull  of  an  engine.  Fig.  4  shows  the  graphical 
method  of  determining  the  direction  and  mag- 
nitude of  thiS' resultant  force.  Produce  the 
direction  of  the  two  portions  of  the  rope  lead- 
ing to  the  drum  ana  down  the  shaft  until 
they  intersect  at  <?,  measure  off  a  distance  O  K 
to  scale  to  represent  the  load  hanging  down  the 
shaft;  similarly,  measure  off  G^  to  the  same 
scale  to  represent  the  pull  of  the  engine,  com- 
plete the  parallelogram  G'B'XJT:  the  direction 
of  the  line  GL  represents  the  direction  of  the 
resultant  force,  and  its  length  represents  the 
amount  of  this  force.  The  inclined  leg  of 
the  head-ftame  should  be  placed  as  nearly  as 
possible  parallel  to  this  resultant  line,  and 
should  be  designed  to  withstand  a  oomi^essive 
strain  equal  to  this  resultant.  .    ,       ^        i    av 

Naad-ahaavM  are  made  of  iron,  being  sometimes  entirely  cast,  or  else  the 

14-A 
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rim  and  hob  are  cast  separately  and  wrooght-iron  spokes  are  used.  The 
former  are  cheaper  and  quite  satisfiactory,  but  the  latter  are  lighter  and 
stronger,  and  therefore  usually  better.  The  diameter  of  the  sheave  depends 
on  the  diameter  of  the  rope,  and  the  table  giving  this  will  be  found  on 
page  120.  The  groove  in  the  sheave  should  be  wood-lined,  to  reduce  wear 
on  the  rope.  Wrought-iron  spokes  should  be  staggered  in  the  hub  and  not 
placed  rwiiaUy. 

Qsidot  istf  ooiiduotors  are  usually  of  timber  rigidly  attached  to  the  sides  of 
a  shaft.  In  England  and  certain  parts  of  Europe,  wire  ropes  are  used  for  guides 
and  are  strongly  advocated,  but  they  have  never  found  favor  in  Axo^ca. 
These  ropes  when  used  are  weighted  at  the  bottom,  and  Percy  gives  1  ton 
for  each  600  ft.  in  depth  for  each  wire  as  a  good  weight  to  be  used.  When 
not  thus  weighted,  me  ropes  are  fastened  at  the  bottom  and  attached  to 
levers  at  the  top,  the  levers  being  weighted  to  produce  the  requisite  tension. 

Sifety  oitokes  usually  consist  of  a  oair  of  toothed  cams  placed  on  either 
side  of  the  cages  and  enclosing  the  guides.  When  the  load  is  on  the  hoisting 
rope,  these  cams  are  kept  away  ftom  the  guides  by  suitable  springs;  but  u 
the  rope  breaks,  the  springs  come  into  action  and  throw  the  catches  or 
dogs  so  that  they  grip  the  guides,  and  the  tendency  to  fistll  increases  the 
grip  on  the  guides. 

Dotiolilnc  nooks  are  devices  that  automatically  disconnect  the  lope  fh>m 
the  cage  in  case  of  overwinding. 


HAULAGE. 
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The  magnitude  of  modem  mines  and  the  practice  of  loading  or  of  treating 
the  coal  or  ore  at  a  large  central  station  makes  the  underground  haulage  of 
the  material  one  of  the  most  important  problems  in  connection  with 
mooing.  A  good  haulage  system  is  now  essential  to  make  most  mines  a 
commercial  success.    Haulage  mav  be  considered  under  the  following  heads: 

1.  Inclined  i^oocla.— Gravity  planes,  engine  planes. 

2.  Level  Eoads.—ilnle  haulage,  rope  haulage  (tail-rope  and  endless  rope), 
motor  haulage  (steam,  electrici^,  compressed  air,  or  gasoline). 

Gravity  PIsnos.— The  loaded  car  or  tnp  hauls  the  empty  car  up  the  grade. 
Two  ropes  are  attached  to  a  drum  so  that  the  rope  attached  to  the  loaded 

car  unwinds  fh>m  the  drum  as  the  car  de- 
i   ^,^0      scends,  while  the  rope  attached  to  the  emp^ 

^""^"^  car  is  wound  on  the  drum  and  the  car  thus 

O         iiiiZTiZf  '         hauled  up  the  plane.   The  natural  slope  ot 

^■^™''""  the  ground,  in  a  large  measure,  determines 

Fio.  5.  the  grade  of  the  incline,  but  where  it  is  pos- 

sible to  alter  the  direction  of  the  indine, 
the  grade  may  be  lessened  ly  constructing  the  incline  across  the  slope  of 
the  ground.  The  grade  of  the  incline  may  be  increased  by  carrying  the 
upper  landing  forwards  till  a  point  is  reached  from  which  the  required 
grade  is  obtained. 

The  following  rule  gives  suggestions  based  on  practice  that  has  been 
successflil:  For  lengths  not  exceeding  500  ft.,  the  minimum  grade  for  the 
incline  should  be  5^  when  the  weight  of  the  descending  load  is  8,000  lb.  and 
that  of  the  ascending  load  2,800  lb.  Or  the  inclination  should  not  be  lees 
than  5^  if  the  respective  descending  and  ascending  loads  are  one-half  of 
those  Just  fidven.  When  the  length  of  the  plane  is  m>m  500  to  2.000  ft.  the 
grade  should  be  increased  from  ^  to  1(H,  according  to  the  loads.  A  load 
of  4.000  lb.  on  a  10f(  grade  2,000  ft.  long  will  hoist  a  weight  of  1,400  lb. 

The  angle  of  inertia  is  that  angle  or  inclination  at  which  a  car  will  start  to 
move  down  the  slope  or  plane.  The  car,  when  it  has  once  started  on  this 
grade,  will  continue  to  accelerate  its  speed  as  it  descends  the  plane  A  £, 
fig.  5.  If  we  decrease  the  angle  of  inclination  until  the  plane  A  B  occupies 
the  position  A  C,  such  that  the  moving  car  will  continue  to  move  at  a 
uniform  velocity  instead  of  accelerating  its  speed,  the  angle  D  CA  will  be 
the  angle  of  rolling  fncHon,  and  the  tangent  of  this  angle  will  be  the  coefficient 
qf  rolling  friction  tor  the  car. 

The  upper  portion  of  a  plane  is  made  steeper  than  the  lower  portion  so 
that  the  trip  may  start  quickly  at  the  head  and  afterwards  maintain  a 
uniform  velocity.  With  a  good  brake  to  control  the  cars,  the  uniform  grade 
of  a  central  portion  of  a  gravity  plane  should  not  foil  mudi  below  8^,  which 
corresponds  practically  tb  a  5if(  grade. 
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The  cuiceieration  f  of  the  haulage  system  is  giyen  by  the  fonnnia 

where  pi  and  p^  are  the  descending  and  ascending  pulls,  respectiyely. 
The  length  qf  ateg?  pitch  is  given  oy  the  formula 

2/' 

where  v  °"  velocity  at  which  the  trip  is  desired  to  run. 

The  maximum  tension  or  pull  on  the  rope  which  may  occor,  if  it  is  required 
to  haul  the  loaded  trip  up,  is 

Tss  {W ^^  viV)  t&xka  ^^  {W ■{■  vol)  GMaXif^ 

where  W  <=>  weight  of  loaded  trip;  10 1 »  weight  of  rope;  a  ■*  slope  angle; 
It.  =.  coefficient  of  fHction. 

ExAMPLB.~Find  the  possible  tension  of  a  rope  used  to  lower  a  loaded  trip 
of  two  cars  upon  a  plane  800  ft.  long,  having  a  uniform  grade  of  6)(  at  a 
speed  of  20  miles  per  hour,  using  a  fiictor  of  safety  of  10,  and  letting  <&  ^  A, 
the  empty  cars  weighing  1^000  lb.  each  and  carrying  a  load  of  2,000  lb.  eacn. 

Assuming  w  =•  M  lb.,  T  »  (6,000  +  .8S  X  SOOH^  +  .04994)  »  671  lb. 

To  llMd  the  nuslMr  of  etrt  tbit  imiit  nn  In  •  trip  on  •  Mlf-aoting  IaoIIbo,  use 
theftnmula 

jy.^ (40  sin  o  +  cos  o)  Ty» 

""  (40  ilna  —  ooBa)Rl  —  (40  sin  a  +  000  a)  ITfl' 

in  which  N  =>  number  of  cars;  a  =  angle  of  inclination  of  plane;  Wi 
»  weight  in  pounds  of  one  loaded  car;  fr«  =  weight  in  pounds  of  one 
empty  car,  Wt  »  weight  in  pounds  of  haulage  rope;  ^  »  coefficient  of 
ftiction. 

EZAitPLB.— A  gravity  plane  has  an  iiiclinatlon  of  8°:  it  is  2,000  ft.  long,  the 
rope  weighs  4,000  lb.,  a  loaded  car  weighs  8,000  lb.,  and  an  empty  oar  wdghs 
1,800  lb.    What  number  of  cars  must  be  in  the  trip  to  start  it  ? 

Substituting  values  in  the  above  formula,  we  have 

„       (40  X  .13917  +  .99027)4.000 

(40  X  .18917  —  .99027)  3,000  -  (40  X  .13917  +  .99027)1,800  * 

Enfino  Plinot.— T^th  an  engineplane.  the  load  is  delivered  at  the  foot  of 
the  plane  and  has  to  be  hoisted.  Tne  ensrine  may  be  either  at  the  top  or  the 
bottom.  The  grade  of  the  plane  is  usually  uniform  fix>m  top  to  bottom,  and 
there  may  be  a  single  track,  a  double  track,  or  three  rails  with  a  turnout. 

Sizt  of  Engines  Rtqalrod  for  Eagino-Plano  Hsaligo.— (a)  Engine  at  Head  qf 
Plane,  Single  TracA;.->Calling  the  load  on  the  engine  or  the  tension  of  the 
rope  at  the  winding  drum  T.  the  weight  of  the  ascending  loaded  trip  IF,  the 
weight  of  the  rope  per  lineal  foot  w.  and  the  length  of  the  plane  ^  tne  uigle 
of  inclination  or  the  dope  angle  being  a,  as  before,  we  have 

r=  (Tr+wO(sina  +  MC08a). 

Assume  an  approximate  value  for  w,  and  determine  T  approximately. 
The  size  of  rope  required  for  this  load  is  then  obtained  tmrn  the  table  for 
haulage  ropes,  and  with  this  new  value  of  w,  the  correct  load  on  the  engine 
is  calculated. 

Example.— What  size  of  rope  will  be  required  to  haul  up  an  incline  a 
loaded  trip  of  10  mine  cars  weighing  1,000  lb.  each,  and  carrying  a  load  of 
2,000  lb.  each,  the  inclination  of  the  plane  or  the  slope  angle  being  16°  and 
its  length  600  yd.,  assuming  for  the  coefficient  of  Motion  ^i  =  ^? 

W  =  80,000  lb.,  and  assuming w  =  .89  lb.,  IT  +  wi  =»  30,000  +  (.89  X  1,500) 

-  81,835  lb.    Sin  a  +  ^^  =  .27564  -\-  '^^  =  .29967.    Hence,  T  -  81,320  X 

40  40 

.29967  =  9,394  lb.  To  provide  against  shock,  we  double  the  load  or  pull  on 
the  rope  in  calculating  the  size  of  rope  required;  thus,  9,394  X  2  =  18,788  lb., 
and  using  a  factor  of  safety  of  6,  we  have  for  the  breaking  strain  of  the  rope 

^l^^  '^  ^  ^^'^    ^  ^®  ^^^  ^  ^^^  '^P^  ^  ^^'  plow-steel  rope 
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presents  a  breaking  strain  of  56  tons.  Since  a  li"  rope  weighs  2  lb.  per 
lineal  foot,  we  have  W  -{-wl  =  30,000  +  (2  X  1,500)  =  33,000  lb.  Then  T  = 
33,000  X  .29967  ->  9,889  lb. 

(&)  Engine  at  Bead  qf  Incline,  DovJble  Track.— Th^  load  on  the  engine 
equals  l^e  di£ference  between  the  gravity  pulls  of  the  ascending  and 
descending  trips,  including  the  rope,  plus  the  mction  pull  of  both  the  trips 
and  one  rope,  mnce  tliere  is  only  one  rope  on  the  plane  at  any  time.  Calling 
the  weight  of  the  Oiscending  trip  W,  as  before,  and  that  of  the  descending 
trip  TTi,  we  have  for  the  dinerence  of  the  gravity  pulls  when  the  loaded  trip 
is  at  the  foot  of  the  incline,  {W—Wi  -|- «;  0  sin  a,  and  for  the  fWction  pull  of 
the  entire  moving  system  {W-\-Wi  -\-v)1)  /*  cos  a,  and  X  =  (  W—Wi  -\-wT) 
fAn  a  -\-  {W  -\-W\  -\-  wl)  11^  cos  a. 

Assuming  the  same  conditions  as  given  in  the  example  of  the  preceding 
paragraph,  we  have  for  the  load  L  on  the  engine,  X  =»  [10  X  2,000  +  2  X 

1,500]  .27564  +  [10  X  (8,000  +  1,000)  +  2  X  1,500]  X  *^~  =  23,000  X  .27664 

+  43,000  X  .02403  »  7,873  lb.  instead  of  9,394,  the  unbalanced  load  for  single 
track. 

(c)  Engine  at  Foot  qf  Incline.— 1!hQ  load  on  the  engine  is  the  same  as  in 
(a),  except  that  the  gravity  pull  is  the  pull  due  to  the  weight  of  the  loaded 
cars  only,  the  weight  of  the  ascending  rope  being  balanced  by  the  descend* 
ing  rope,  while  the  firiction  pull  is  increased  by  the  friction  of  the  descend- 
ing  rope.   Callixig  the  load  on  the  engine  X,  as  before,  we  have,  in  this  case, 

X  =  TT  sin  a+(Tr+2w  Oleosa. 

Assuming  the  conditions  of  the  previous  example  and  calculating  the 
load  on  the  engine  for  this  case,  we  have  X  =  30,000  X  .27564  +  [30,000  + 
2(2  X  1,500)]  .02i03  =  9,1341b. 

To  Find  the  Horsepower  of  an  Engine  Required  to  Hoiit  •  Given  Load  Up  a  Siiflt- 
Tracit  inoiine  in  a  Given  Time.— Multiply  the  length  of  the  incline  in  feet  by  the 
natural  sine  of  the  angle  of  inclination,  which  will  give  you  the  vertical  lifL 
Divide  the  vertical  lift  by  the  given  time  in  minutes.  Multiply  ^s  by  the 
gross  load,  including  weight  of  rope,  and  divide  the  product  by  33,000. 

Example.— Length  of  incline,  600  ft.;  angle  of  inclination,  85^;  weight  of 
loaded  car  and  600  ft.  of  rope,  5,000  lb. ;  time  of  hoisting,  2  minutes.  Required, 
the  horsenower 

Sine  of  35°  =  .573576.    .573576  X  600  »  844.1456.     844.1456  +  2  «  172.72& 

172.728  X  5,000  _  ««  .  tt  p 

Add  fh>m  25^  to  50^  for  contingencies,  fHction,  etc.  In  mine  practice,  50)( 
is  not  any  too  much  to  add,  because  the  condition  of  track,  cars,  etc.,  is  not 
as  good,  as  a  general  rule,  as  on  railroad  planes. 

To  Find  tlie  Horiepcwer  of  an  Engine  Required  to  Hoist  a  Given  Load  Up  a  Doable- 
Trasic  Inciine  in  a  Given  Time.— Proceed  as  above,  using  the  net  load,  to  whidi 
should  be  added  the  weight  of  one  rope,  instead  of  the  gross  load. 
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The  tail-rope  ayatem  of  haulage  uses  two  ropes  and  a  pair  of  drums  on  the 
same  shaft.  The  main  rope  passes  Arom  one  arum  directly  to  the  ftont  of  the 
loaded  trip,  and  the  tail-rope  passes  from,  the  other  drum  to  the  large  sheave 
wheel  at  the  end  of  the  road  and  back  to  the  rear  of  the  loaded  trip.  While 
hauling  the  loaded  trip,  the  drum  on  which  the  tail-rope  is  wound  Is  allowed 
to  turn  freely  on  its  Journal  bv  throwing  its  clutch  out,  while  the  engine 
turns  the  other  drum.  When  the  empty  trip  is  being  hauled,  the  clutch  oi^ 
the  main-rope  drum  is  thrown  out  and  the  one  on  the  tail-rope  drum  is 
thrown  in.  The  engine  then  turns  the  tail-rope  drum  and  allows  the  other 
one  to  pay  out  rope  as  the  trip  advances. 

The  tail-rope  system  is  suitable  for  steep,  circuitous,  and  undulating 
roads.  The  trip  can  be  kept  stretched  at  all  points,  and  thus  the  cars  wm 
be  prevented  from  bumping  together  or  from  being  lerked  apart  as  the  trip  is 
pawing  over  changes  in  the  grade.  It  is  undoubtealy  the  most  satisfoctorv 
system  of  rope  haulage  under  the  natural  conditions  of  most  haulage  roads 
in  mines,  and  especially  so  where  but  one  road  is  available  Ibrnaulage 
purposes. 


aOPK  BAVLAOE. 

OALOULATIOM  OP  T 

T  =■  tenMou  or  puti  upon  rope  (lb,). 
W  =  weight  of  loadtd  trip  (lb.  1. 
u  —  weighl  of  rope  per  lineal  Ibot  llh 
J    —  lenglh  of  Cira  ropes;  equal 

drtun  to  Lall-sheave  (A^)^ 
d  —  Teitlcal  dropof  rope  (ft.). 
a  "  slope  aule  of  maximum  gt 


BXAKPLE.— What  dze  of  iteel  wire  rope  will  be  requited  to  hanl  a  trip  of 
the  Bboft  SOD  It.,  a 


900  vd. 
ar'ro 


1  of  Iteel  wire  rope  will  be  requited  to  hanl  a  trip  of 
[  of  the  loaded  cara  being  3,000  lb.  each,  tbe  deptli  (^ 
dlntance  from  the  footof  the  shaft  to  tile  tall-iheaTe 


.       .      ..  , .,    -AT 

ipe,  weighing  .89  T*- " '  * 


T-«0,000  (.17865  +  ^1 +.88^500  +  ^1-  .y  12,M0  lb.,or  «me- 
wbatovetetoos. 

Refening  lo  the  tables  fot  steel  haulage  ropes  with  6  stnuids  of  T  wires 
each,  weflndthebreaklDgMnlnofaf'  rope,  weighing  .SB lb.  per  lineal  ft., 
la  IM  tons,  vhieh  will  glvea  betor  of  tatetj  of  about  3.  We  wouM,  however, 
iuieaV'<nefen  a  1"  lope,  as  a  change  of  topes  would  then  be  required  less 
oReii.  Making  tbe  necessary  eorrecllona  for  1"  rope  weighing  1.58  lb.  per 
lineal  ft.,  T-  UWTlb. 

Tbe  s*d>ss«-raf*  iiritaiiiusesan  endless  rope,  which  Is  kept  running  con- 
Unaondy  by  a  pair  of  drums  geared  together  and  set  tandem.    The  drumi 
ate    comparatlTely 
narrow  and  pnivldea 


rope  Is  paand  around 
both  drums  a  num- 
ber of  times,  depend- 
ing on  the  amount  of 
friction  desired, 
without  completely 
encircling  either.    It 

slon  wiieel  at  the  rear 

of  the  drums  and 

thence  to  the  sheave 

wheel  at  the  br  end 

of  the  road  and  beck 

to  the  drums.   To  be 

used  to  best  advan-  Fio.  s. 

tage,  this  system  re- 

□ifirea  tliat  the  grade  be  tn  one  direction  and  that  it  be  necessary  lo  haul  can 

from  a  number  of  places  en  route.    The  can  are  attached  to  the  rope  by 

Wctlon  grips  In  a  manner  quite  similar  to  the  way  in  which  street  cars 

are  attached  to  cable  lines.    It  Is  evident,  therefore,  that  any  Jerking  due 

to  tile  oan  hnmpintt  together  or  stietchlng  the  hitchings  would  seriously 

"le  rope  where  tbe  grip  takes  hold.    A  double  road  is  an  ewentl^ 

-       ^      ■--nlsge. 

n  of  haulage  Is  bei 

colarly  when  the  ti 

1.  Owingtodelays 

y  In  Dnloading  at 

ral  trips  regularly  spaced,  and  in  conaeoneiice  the 

a  the  engine  varies  greatly.    In  order  lo  lake  up  any  elongsllon  of  the 
1 —  ^.i...  ..  change  in  temperature  or  to  Btretchine.  some  fonn  of 

^bt  is  used.    This  weight  should  be  sufficient  lo 

It,  and  any  tendency  of  the  tope  to  slip  on  the 


_^__  .._e  rope  where  the  g__, 
feature  of  endiesB-nipe  hanlage. 

The  endlesfr-rope  system  of  haulage  Is  best  adapted  to  roads  ptemntlng  a 
felrly  uniform  grade,  partlcalarly  when  the  tripe  are  not  spaced  at  blrly  rsgo- 
Isrlnterrals  along  the  road.  Owing  todelays  In  the  dellverrot  the  cars  by  the 
drivers  and  to  Irregularity  in  pnloadingat  the  tlpp]e,_lt  Is  ptoctleally  Im- 

Kadon 


keep  the  empty  rope  ti 
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winding  dram  may  be  overcome  by  increasing  the  weight  in  the  bal- 
ance car. 

Fig.  6  shows  a  device  for  working  a  district  haulage  by  connecting  it  with 
the  main  haulage.  The  main  rope  makes  one  or  two  complete  turns  around  a 
fleet  wheel  located  at  the  mouth  of  each  district,  and  then  continues  on  its 
course.  This  fleet  wheel  d  is  directly  connected  with  the  driyinff  ^eave  m 
for  the  district  by  means  of  beveled  gears  g,  h,  as  shown.  The  driving 
sheave  m  is  thrown  in  or  out  of  gear  by  levers  o  and  a. 

To  Determine  the  Friction  PhII  on  an  Endlesa-Rope  Hauiage.— Let 

0  =  output  (lb.  per  min.);  wi  =  weight  of  mine  car  (lb.); 
V  =  speed  of  winding  (ft.  per  min.);    w  =  weight  of  rope  (lb.); 

1  =  length  of  haulage  road  (ft.);  T  =  locui  on  the  rope  (Id.); 
c  a>  capacity  of  mine  car  (lb.);  /t  =  coefficient  of  friction. 

—  =  weight  of  material  in  transit; 

2  —  iOi  =  weight  of  moving  cars,  loaded  and  empty; 
2lw  =  weight  of  rope; 

—  ( 1  +  — i  J  -\-2wl  =  entire  moving  load. 

And  if  the  coefficient  of  friction  equals  ^, 

Example.— Find  the  horsepower  for  an  endless-rope  system  5,000  ft.  long 
for  an  output  of  1,000  tons  per  day  of  10  hours  in  a  flat  seam,  the  mine  cars 
having  a  capacity  of  2,000  lb.  each  and  weighing  1,200  lb.  each. 

Assuming  a  speed  of  winding  of  8  miles  per  hour  or  704  ft.  per  minute,  and 
for  the  coefficient  of  fdction  /ui  =  ^, 

T  =  a[5=??«^=^(i  +  2-1^)  +  2  X  1.68 X 5.0CO]  =  l,m,  say  1.700  lb. 

H-^-=  iO^l^W^  +  ^W^)  +2X1.68X704]  =  36.2 H.P.  or. 

36  2 
assuming  an  efficiency  for  the  engine  of  60^,  -^  =>  60  H.  P. 

Inclined  Roada.— The  calculation  of  iwwer.for  inclined  roads  is  the  same  as 
that  just  given,  excepting  that  the  work  due  to  lifting  the  coal  through  a 
height  h  must  be  added  to  that  found  by  the  previous  formulas.  If  h  eouale 
the  elevation  due  to  the  grade  of  the  incline,  the  additional  work  or  the 
engine  due  to  hoisting  the  load  from  this  elevation  will  be  OA  and  the 
total  work  per  minute  u  will  be 


u  =  /uii[o(l-|-^W2«;v]  +  OA. 


Example.— Assuming  the  same  conditions  as  given  above,  and,  in  addi- 
tion, a  rise  or  elevation  of  100  ft.  in  the  entire  length  of  the  haulageway,  we 

have     tt  =  ^[3,333(1  +  -^^) +2X1.58X704] +3.333X100 

—  1,528,050  ft.-lb.  per  minute  »  46.3  H.  P.,  or  assuming  an  efficiency  of  60)( 
463 

for  the  engine,  -^  —  77  H.  P. 

MOTOR  HAULAQB. 

Locomotive  Haulage.— Wire-rope  haulage  is  very  efficient  in  headings,  on 
heavy  grades,  and  against  large  loads,  but  in  crooked  passages  it  entails  great 
costs  for  renewals  and  repairs.  When  the  grades  do  not  exceed  5)(  for  short 
distances  and  average  3i(  against,  or  for  short  distances  8^  and  64  average  in 
&vor  of  loads,  locomotives  have  been  found  the  most  economical  form  of 
aulage. 
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The  chief  advantages  of  locomotlye  over  rope  haulace  are  the  flexibility 
of  the  svstem,  it  being  able  to  serve  any  number  of  side  tracks  in  various 
parts  of  the  mine,  and  the  closeness  of  the  source  of  power  to  the  point  of 
application.  In  the  event  of  an  accident  due  to  a  car  jumping  the  track,  a 
broken  wheel,  etc.,  it  often  happens  that  a  large  number  of  cars  are  piled  up 
before  the  man  in  charge  outsfde  the  mine  is  ugnaled  to  stop,  whereas  with 
locomotive  haulage  the  euKineer  or  trip  rider  anbrds  immediate  relief. 

In  high  seams  and  under  favorable  conditions,  steam  locomotives  are 
very  economical,  but  there  is  a  limit  to  their  use,  for  it  is  not  well  to  fire 
whue  running  in  the  mine  when  using  bituminous  coal;  hence  the  length 
of  trip  is  practically  limited  to  the  steam  fUmished  with  one  firebox  of  ftiel. 
On  account  of  their  many  disadvantages  and  of  the  improvements  in  the 
methods  of  oting  other  forms  of  energy,  steam  locomotives  are  fast  goin&r 
out  of  use  and  are  being  replaced  by  locomotives  operated  by  compressed 
air  and  electricitv,  of  which  a  number  of  types  have  been  designed  in  recent 
years,  and  whicn  have  been  very  succes^l  and  have  shown  a  marked 
efficiency  over  the  mule. 

Compr0Mtd-Air  HMiage.— (See  also  page  194.)  Compressed  air  ia  particularly 
applicable  in  gaseous  mines,  as  it  improves  ventilation  and  is  perfectly  safe 
under  all  conditions.  The  great  disadvantage  in  compressed-air  haulage  is 
the  size  of  the  locomotive. 

Mr.  H.  K.  Myers,  of  the  Baldwin  Locomotive  Works,  gives  the  following 
in  regard  to  compressed-air  haulage: 

In  order  that  compressed-air  locomotives  may  be  able  to  make  a  £Edr 
length  of  run,  the  tanks  for  storage  purposes  must  necessarily  be  rather 
cumbersome,  and  constructed  to  carry  nigh-storage  pressures.  In  order  that 
they  may  be  designed  correctly  and  get  a  minimum  of  storage  for  the 
maximum  work  expected,  it  is  necessary  to  have  a  complete  profile  of  the 
proi)Osed  haulage  road,  and  to  make  a  tabulated  statement  of  the  air  con- 
sumption on  the  various  grades,  noting  the ' '  cut-off"  necessary  to  produce  the 
requisite  tractive  effort.  By  making  a  summation  of  these  various  amounts, 
and  adding  209(,  we  will  have  the  i)ossible  amount  of  air  used  in  doing  cer- 
tain work  as  specified. 

It  is  necessary,  therefore,  to  provide  storage  on  the  locomotive  for  this 
amount  of  air  at  a  much  greater  pressure  than  that  used  in  the  cylinders. 
In  order  that  the  locomouve  may  receive  a  quick  charge  at  the  stations 
specially  provided  for  the  purpose,  it  is  necessary  to  have  stationary  storage 
of  adequate  pressure  and  capacity  for  the  purpose. 

At  the  present  time,  it  is  the  custom  to  compress  for  the  stationarv  storage 
to  800  Ibl,  and  to  have  the  volume  of  this  storage  at  least  double  the  tame 
capacity  of  the  locomotives  comprising  the  system.  This  allows  an  equalized 
pressure  in  the  locomotive  storage  of  approximately  600  lb. 

The  following  formula  is  useful  in  determining  the  capacity  of  stationary 

pF+PX 
storage:  P'  ==     y  ■  y  '  ^  which  V  =  volume  of  storage  on  locomotive; 

X  =»  volume  of  stationary  storage  desired;  p  «-  cylinder  pressure;  P  = 
stationary  storage  pressure;  and  P  =  locomotive  storage  pressure. 

If  the  average  time  for  each  trip  is  30  minutes,  the  compressor  must  be 
able  to  compress  in  that  time  to  pressure  P,  the  calculated  amount  of  air 
required  for  one  trip  or  series  of  trips  for  the  various  locomotives  included 
in  the  haulage.  In  general,  it  is  customary  to  extend  extra-strong  pipe  into 
the  mine  and  of  such  length  and  diameter  as  to  have  the  required  volume 
for  the  stationarv  storage.  There  are  times  however  when  it  would  be  found 
more  economical  to  arrange  for  tank  storage  either  inside  or  outside  the 
mine,  but  in  general,  especially  when  the  mine  is  advancing,  it  is  the  better 
practice  to  install  pipe  storage  since  it  increases  the  range  of  the  locomotive 
as  the  workings  advance. 

The  following  table  gives  the  various  tractive  effbrts  of  dilTerent  sizes  of 
compressed-air  locomotives,  when  working  at  100  lb.  cylinder  pressure,  and 
various  cut-oflfs.  If  other  pressures  or  strokes  are  used,  the  tractive  efforts 
are  directly  proportionate.    This  table  is  calculated  by  means  of  the  formula, 

tractive  effort  =  -    »? -; 

in  which  d  «  diameter  of  cylinder;  2>  =  diameter  of  driver;  I  =  length  of 
stroke;  p  =  working  pressure  of  the  cylinders;  and  z  —  vulable  due  to  the 
various  cut-ofOs. 
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TBAcnvx  ErroBTS  of  Oomprbbbbd-Aib  Looomotiyis. 


Cylinder. 

Diam- 
eter of 
Driver. 

Inches. 

Weight 

on 
Driver. 

Pounds 

Tractive  Efltort  for  Each  100-Lb.  Cylinder 
Pressure  at  Various  Cut-Ofib. 

Diam. 
Inches. 

Stroke. 
Inches. 

1,020 
1,470 
2,200 
2,880 
4,840 
6,280 
6,770 
8,060 

« 

i 

k 

f 

i 

t 

5 

6 

7 

8 

9 

10 

11 

12 

10 
10 
12 
12 
14 
14 
16 
16 

24 
24 
26 
26 
26 
26 
28 
28 

6,000 
8,500 
13,000 
18,000 
25,000 
32,000 
42,000 
52,000 

990 
1,425 
2,160 
2,760 
4,140 
5,160 
6,460 
7,800 

920 
1,320 
1,990 
2,600 
3,840 
4,740 
6,980 
7,200 

835 
1,200 
1,810 
2,360 
8,490 
4,310 
5,440 
6,560 

710 
1,020 
1,540 
2,000 
2,960 
3,660 
4,620 
5,580 

530 
760 
1,140 
1,510 
2,220 
2,630 
3,470 
4,160 

825 
445 
700 
900 

1,360 
1,670 
2,140 
2,550 

On  account  of  certain  losses  due  to  radiation,  etc.  for  cut-off  at  fbll  length 
of  stroke  in  steam  practice,  x  is  taken  as  .85.  while  cylinder  sur&ce  acts  as 
a  detriment  to  the  use  of  steam,  it  acts  entirely  opposite  in  the  use  of  air, 
for  the  reason  that,  in  the  expansion  of  the  air,  very  low  temperatures  are 
produced,  and,  with  a  maximum  of  cylinder  surface  exposed,  we  absorb  a 
maximum  of  heat  from  the  surrounding  i^  which  virtually  adds  new 
energy  to  the  air,  thus  acting  as  a  reheater.  Therefore  in  air  practice,  z  is 
made  .98  for  ftul-stroke  cut-off,  with  the  others  proportionately  high.  If 
simple-expansion  cylinders  are  used,  the  working  pressure  should  not 
exceed  130  lb.,  while,  with  compounds,  one  can  earaly  use  from  180  to 
225  lb.  with  great  economy.  Where  it  is  imperative  to  have  a  minimum- 
sized  locomotive  storage  with  a  maximum  run,  this  can  be  accomplished 
with  compound  locomotives.  Originally,  it  was  the  custom  to  lag  the  cylin- 
ders as  in  steam  practice,  but  now  it  is  found  advantag^us  to  leave  them 
bare  and  to  corrugate  both  sides  and  ends  so  as  to  present  a  maximum 
surface  to  the  surrounding  atmosphere  while  running,  thus  absorbing 
new  energy. 

Ex  AMPLE.— It  is  desired  to  haul  trips  of  60  cars,  empties  weighing  2,000  lb. 
and  loads  6,000  lb.  each,  over  a  track  having  the  following  profile,  and  with 
one  charge  of  air.  All  grades  are  In  favor  of  loads.  (The  following  calcu- 
lations have  been  made  with  the  slide  rule.) 


Profile 

OF  Road. 

Grade. 

Distance. 

Grade. 

Distance. 

Grade. 

Distance. 

1.3f( 
1.3^ 

800  ft. 
600  ft. 
800  ft. 

0.30^ 

1.77j( 
0.90j( 

700  ft. 
1,025  ft. 

sooa 

2.4^ 
1.2^ 

400  ft 
425  ft. 
820  ft 

The  maximum  grade  being  Z.^,  and  the  car  friction  in  this  case  being  Ij^ 
the  total  resistance  when  ascending  a  3.5i  grade  due  to  cars  is,  hence, 
Z.5ii  -h  1^  =  4.5)(.  Since  it  is  desired  to  haul  60-car  trips,  and  all  grades  are 
in  favor  of  loads,  it  is  only  necessary  to  provide  a  locomotive  capable  of 
hauling  60  empties  weighing  120,000  lb.  up  the  above-mentioned  grade.  The 
drawbar  pull  necessary  to  do  this  is  4.5)(  of  120,000  lb.  »  5,400  lb.  In  general, 
it  will  require  a  locomotive  having  a  weight  on  drivers  of  6  times  the 
tractive  effort  desired  if  steel  tires  are  used,  as  is  the  practice  in  the  con- 
struction of  air  locomotives,  and  6  times  the  tractive  effort  if  cast-iron  cbflled 
wheels  are  used,  as  is  the  practice  in  electric  locomotives.  We  will  there- 
fore assume  the  necessary  weight  of  the  locomotive  to  give  the  pfoper 
adhesion  as  32.000  lb.,  and  we  calculate  that  the  tractive  enort  necessary  to 
haul  itself  up  the  ZM  grade  would  be  Z.bii  -f-  .W  =»  4j(  (.6<  covering  the  fric- 
tion of  the  locomotive  on  the  level)  of  32,000  lb.,  or  1,280  lb.,  to  which  we 
add  the  necessary  drawbar  pull  to  haul  the  desired  load.  1,280  +  5,40a  and 
have  a  total  tractive  efibrt  of  6,680,  which  is  about  the  limit  of  a  locomo 
ttve  on  dry  rail  with  sand. 
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By  oonfloltbiir  the  taUe  of  tnetive  eflbrti  of  oomnrMnd-alr  loeomotlTes, 
we  see  that,  at  100  lb. working  preasure,  a  10^  X  14",  26"  driver  loeomotiye  has 
a  maximum  tractive  effort  at  I  cat^ff,  which  is  practically  fkill  stroke,  of 
5,280  lb.,  and  by  dividing  *^  into  our  necessary  tractive  effort,  we  find  that 
the  necessary  working  pressure  would  be  about  180  lb. 

On  this  basis,  we  then  make  up  the  following  table  in  order  to  ascertain 
the  necessary  air  consumption: 

Going  m  With  EiiFms. 


Grade, 

Dittanee, 

T,E. 

Stroka.     CuirOff, 

Oi.  In.  Air  Vtei. 

1.8 

9W 

3,875 

120 

■ 

126,000 

2.0 

eof/ 

4,460 

80 

176,000 

1.3 

soy 

8,876 

120 

. 

126,000 

0.3 

700^ 

1,880 

106 

. 

66,126 

1.77 

1,026^ 

4,100 

160               r 

816,000 

o.» 

800" 

2,780 

40             ] 

\ 

42,000 

2.4 

400^ 

5^075 

60              \ 

157,600 

8.6 

426" 

6,760 

66              f 

289,000 

1.2 

820^ 

2,220 

60 

\ 

62,600 

CknoNo  Out  Loaded.* 

OJi 

7W 

2,600 

106             i 

110,000 

1,390,126 
20)(  additional 279.826 

Total 1,678,950  cu.  in. 

This  equals  976  cu.  ft  at  180  lb.  pressnreused  in  hauling  the  required  loadh 
on  a  single  round  trip.  Since  we  should  return  to  the  starting  point  with 
180  lb.  in  the  locomotive  storage,  it  is  evident  that  the  volume  of  the  tanks 
shall  allow  for  the  use  of  975  cu.  ft.  in  addition  to  1  volume  at  130  lb. 

Let  V  »  volume  of  storage  on  locomotive;  P*  »  pressure  of  storage  on 
locomotive;  p  »-  working  pressure;  V  '^  volume  at  working  pressure  nec- 
essary to  do  ihe  work  required. 

Then  the  product  of  tne  volume  of  the  locomotive  storage  by  its  pressure 
must  equal  the  sum  of  the  volume  necessary  to  do  the  work  required 
multiplied  by  the  working  pressure,  and  the  locomotive  storage  volume  by 
the  working  pressure,  thus, 

P'K-pK  +  pF'.or,K-  y  pT—j,- 

IfP'- 660.  then     K  -  975  X  ^5^3^^  =  244  cu.  ft. 

With  one  locomotive,  making  trips  every  80  minutes,  we  must  arraiige  for 
a  compressor  capable  of  compressing  975  cu.  ft.  at  130  lb.  in  this  time.  Since 
it  is  customary  to  rate  compressors  m  their  capacity  in  tree  air  pter  minute^ 

975X130 
the  above  is  equivalent  to  ^yy  05  =-  288  cu.  ft.  free  air  per  minute. 

This  must  be  compressed  to  800  lb.  in  the  compressor,  and  stored  in 
stationary  storage.    JfX  is  the  volume  of  the  stationary  storage, 

^_pV+PX 

The  length  of  the  haulage  is  5,370  ft.,  hence  the  cross-section  of  the  pipe 

846 
necessary  to  ftimish  the  requisite  storage  is  ^-^=t  »  .157  sq.  ft. 

From  the  following  table,  this  would  require  a  5^' pipe,  but  for  practical 
purposes  it  is  possible  that  a  5^'  pipe  would  oe  selected. 


•  Returning  n^th  loads,  It  if  poMlbl*  that  tibere  ii  only  om  gndo  that  tho  trip  will  kwn 
|o  be  haule^L      ^  ^ 
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Standabd  Stbax  and  Extba-Stbono  Pipe  Used  fob  Compbbssbd-Aib 

Haulage  Plants. 


Trade 
Diam- 

Cu. Ft.  in 

1  Lineal 

Ft. 

Lineal  Ft. 

Necessary 
to  Make 
1  Cu.  Ft. 

Steam. 

Extra  Strong. 

Trade 
Diam- 

eter. 
In. 

Thick- 
ness. 

Weirfit 
perFt. 

Thick- 
ness. 

Weirfit 
per  Ft. 

eter. 
In. 

2 

2* 

3 

31 

4 

4* 

5 

5* 

6 

.0218 
.0341 
.0491 
.0668 
.0873 
.1105 
.1364 
.1650 
.1963 

• 

45.41 

29.32 

20.36 

15.00 

11.52 

9.05 

7.33 

6.06 

5.10 

.15 
.20 
.21 
.22 
.23 
.24 
.25 
.26 
.28 

3.61 

5.74 

7.54 

9.00 

10.70 

12.90 

14.50 

16.40 

18.80 

.22 
.28 
.30 
.32 
.34 

.a5 

.37 
.40 
.43 

5.02 
7.67 
10.20 
12.50 
15.00 
17.60 
20.50 
24.50 
28.60 

2 

2i 

3 

3i 

4 

4^ 
5 
5* 
6 

From  the  following  table  we  see  that  It  would  require  2.88  X  32.5  = 
93.6  H.  P.;  hence,  we  would  be  compelled  to  arrange  for  a  boiler  capacity 
of  practically  100  H.  P.,  provided  we  used  a  three-sta^gre  compressor,  as  is  the 
general  custom. 

HoBSEPowEB  Necessabyto  Compbess  100  Cu.  Ft.  op  Feee  Aib  to  Various 
Pbessubes  and  With  Two-,  Thbee-,  and  Foub-Stagb  Ck)MPEES80Bs. 


Horsepower  Necessary. 

Horsepower  Necesseury. 

Gauge 

(range 

Prpfl> 

sure. 

Two- 

Three- 

Four- 

Pressure. 

Two- 

Three- 

Four- 

Stage. 

Stage. 

Stage. 

Stage. 

Stage. 

Stage. 

100 

15.7 

15.2 

14.2 

900 

86.8 

88.7 

31.0 

200 

21.2 

20.3 

18.8 

1,000 

37.8 

34.9 

31.8 

300 

24.5 

23.1 

21.8 

1,200 

39.7 

86.5 

88.4 

400 

27.7 

25.9 

24.0 

1,400 

41.3 

37.9 

84.5 

500 

29.4 

27.7 

25.9 

1,600 

43.0 

39.4 

85.6 

600 

31.6 

29.5 

27.4 

1,800 

44.5 

40.5 

36.7 

700 

33.4 

31.2 

28.9 

2,000 

45.4 

41.6 

87.8 

800 

34.9 

32.5 

30.1 

2,500 

43.0 

39.0 

Electric  Hailage.— Mr.  H.  K.  Myers  says  in  regard  to  mine  haulage  by 
electricity:  In  general,  it  costs  from  6  to  10  cents  per  ton  to  dc^ver  ooal 
from  face  of  workings  to  shaft,  slope,  or  tipple,  where  the  haul  is  1  mile  and 
the  tracks  approximately  level;  yet  I  know  three  mines  that  at  present  haul 
from  parting  with  the  trolley  system,  the  miner  delivering  irom  £Bkce  of 
room,  making  an  average  round  trip  of  9,000  ft.,  at  a  total  cost  of  1  cent  pw 
ton.  These  mines  have  never  had  a  mule  in  them,  and  it  would  be  almost 
an  impossibility  to  introduce  them,  for  the  reason  that  the  seam  is  of  such 
thickness  that  the  clearance  between  tie  and  roof  is  only  about  4  ft.  Since 
the  advent  of  the  electric-mining  locomotive,  there  has  been  a  change  in 
the  mine  wagons  universally  used.  Formerly  it  was  customary  to  find  as 
much  as  60  lb.  per  ton  car  resistance  on  the  level,  while  at  nreaent  it  is  as 
low  as  15  lb. 

In  dimensioning  mining  locomotives,  it  is  customary  to  make  the  weight 
from  6  to  8  times  the  necessary  tractive  effort,  dependent  entirely  on  tne 
nature  of  the  work.  If  the  work  is  constant  and  a  maximum,  tnen  the 
weight  will  be  only  6  times  the  torque  of  the  motors,  while  if  the  work  is 
intermittent  with  a  short-time  maximum  tractive  effort,  then  the  Ikctor 
will  be  8.   The  weight  of  an  electric  locomotive  running  at  a  speed  of  6  to 
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8  miles  per  hour  with  intermiUent  load  may  alio  be  ezprened  on  a  basis  of 
400  lb.  for  each  rated  horsepower  of  the  motor,  and  the  weight  should  be 
8  times  the  rated  drawbar  pull,  regardless  of  speed.  For  continuous  work, 
these  weights  should  be  decreased  2bjt. 


Drawbab  Pull  on  Vabioxts  Grades  fob 

Different  Sized  Locomotives. 

HoTse- 

Weight. 

Grades. 

-povrer. 

Level. 

li 

^ 

8J< 

4J( 

6jt 

^ 

10 

4,000 

600 

460 

420 

880 

340 

800 

260 

20 

8,000 

1.000 

920 

840 

760 

680 

600 

520 

30 

12,000 

1,500 

1,880 

1,260 

1,140 

1,020 

900 

780 

50 

20.000 

2,500 

2,800 

2,100 

1,900 

1,700 

1,500 

1,300 

70 

28,000 

3,50U 

3,220 

2,940 

2,660 

2,880 

2,100 

1,820 

100 

40,000 

5,000 

4,600 

4,200 

8,800 

8.400 

8,000 

2,600 

In  mines  it  is  found  that  the  friction  between  wheel  and  rail  is  less  than 
on  the  surface,  due  to  dampness  and  powdered  coal  on  the  rail.  The  tractive 
efforts  with  chilled  wheels  is  usually  considered  i  of  the  weight.  The 
table  on  page  406  and  diagram  on  page  409  give  hauling  capacities  of 
locomotives  in  tons  of  2,000  lb. 

For  maximum  continuous  work,  it  is  necessary  to  have  a  grade  such 
that  the  efforts  to  haul  the  same  number  of  empty  wagons  as  loaded 
are  equal.  With  the  car  resistance  considered  1^  and  the  loaded  cars  weigh' 
ing  3  times  as  much  as  the  empties,  <this  is  found  to  be  i  of  1^.  The  most 
critical  point  in  the  designing  of  mining  locomotives  is  to  make  the  limiting 
dimensions  a  minimum.  The  demands  for  various  dimensions  are  wonder- 
ful. The  headings  in  mines  are  never  of  more  gen^x)us  proportions  than 
really  necessary,  and  all  clearances  a  minimum.  The  minimum  dimensions 
for  loimng  locomotives  are  as  small  as  2  ft.  for  wheel  base,  8  ft.  for  length 
over  all,  and  3  ft.  width.  Scarcely  two  orders  carry  the  same  dimensions, 
and  it  is  impossible  to  have  any  kind  of  a  standard.  In  consequence  of  this, 
it  is  necessary  to  have  a  great  variety  of  motors  suitable  for  gauges  as  nar- 
row as  18  in.  and  for  wheels  as  small  as  20  in.  in  diameter.  With  such  a 
variety,  it  becomes  i)Ossible  to  construct  a  locomotive  weighing  40,000  lb. 
on  3'  fi^uge,  having  the  width  over  all  62  in.,  height  35  In.,  and  length 
12  ft.  In  construction,  it  is  necessary  to  have  the  most  modem  form  of 
motors  and  the  most  rind  mechanical  construction. 

The  motors  now  used  are  of  the  best  possible  construction  and  efficiency. 
They  are  of  the  slow-speed  street-car  type,  6  to  8  miles  per  hour  winding, 
and  range  in  size  ftom  4  to  50  H.  P.  It  is  customary  to  use  the  rheostatic 
type  of  controller  for  mining  locomotive,  on  account  of  its  small  dimensions 
and  apparent  efficiency  for  this  class  of  work,  but  it  is  doubtless  but  a  short 
time  until  a  very  compact  form. of  series-parallel  type  will  be  devised.  On 
account  of  the  use  of  this  rheostatic  controller,  it  becomes  necessary  to  pro- 
vide for  large  diverter  capacitv,  and  since  the  locomotive  is  designed  for  the 
maximum  tractive  effort,  it  Is  hardly  ever  possible  to  run  without  resist- 
ance and,  hence,  a  large  amount  of^  current  must  be  dispersed  with  the 
consequent  heating.  If  the  motors  are  overloaded,  they  heat  rapidly,  this 
heating  varying  as  the  square  of  the  current.  A  motor  that  has  a  rating  of 
40  amperes  for  regular  work,  if  worked  for  3  minutes  at  100  amperes,  should 
not  be  subjected  to  such  a  strain  oftener  than  once  in  18|  minutes,  as  shown 
by  the  following  equation: 

402  X  «  =  8  X  100«;  x  =  18*  minutes. 

Using  the  same  problem  given  under  compressed-air  locomotives,  in 
which  the  maximum  tractive  effort  was  6,760  lb.,  we  find  from  the  table  of 
drawbar  pulls  that  a  locomotive  equipped  with  two  60  H.  P.  motors  (equals 
100  H.  P.)  will  carry  the  load  with  an  overload,  these  motors  being  rated  for 
continuous  work  at  approximately  32  amperes  of '500  volts. 


Using  the  formula  \'— «r- 


64,  in  which  t  >«  various  times  at  which 
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various  amounts  a  of  current  are  used  on  the  corresponding  grades,  X  the 
summation  of  the  items  t  cfl  calculated  for  each  section  or  grade,  and  T  = 
total  time  that  should  be  taken  for  each  trip,  we  calculate  the  following 
table: 


Grade. 

Dist. 

T.K 

Time. 
Minutes. 

Amperes. 

ttfl 

Empties. 

i.ao 

800 

8,875 

1.5 

114 

19,000 

2.00 

000 

4,450 

1.1 

184 

19,900 

1.80 

800 

8,375 

1.5 

114 

19,600 

.80 

700 

1,830 

1.3 

74 

7,100 

1.77 

1,025 

4,100 

2.0 

128 

82,800 

.90 

800 

2,750 

.6 

100 

6,000 

2.40 

400 

5,075 

.8 

148 

17,800 

8.50 

425 

6,760 

.8 

182 

26,500 

1.20 

820 

2,220 

.6 

86 

4,400 
Loads. 

.80 

700 

2,600 

1.8 

96 

18»900 

167,100=  5<a« 

^- 


67,100 


-64;    4,096  7=167,100;    r=-40. 

By  this  means  we  can  make  60-car  trips  every  40  minutes  without  inlnry 
to  the  motors,  based  upon  a  speed  of  6  miles  peT  hour.    (See  also  page2l5. ) 

Speed  of  heuleie  depends  on  the  system  of  haulacfe  used  and  on  ^e  con- 
dition of  the  haulage  road.  The  law  iif  Pennsylvania  provides  for  a  speed  of 
haulage  not  over  6  miles  per  hour,  and  this  is  the  speed  at  which  electric  and 


Hauling  Capacity 

OP : 

Electric  Locomotives. 

1' 

1 

Weight. 

Drawbar  Pull 
on  Level. 

Frictioual  Car 
Resistance  per 
Ton  on  Level. 

Grades. 

23 

15 

10 

1^ 

•8 

2j< 
6.3 

2W 
5.2 

3}( 
4.2 

8.5 

8.0 

5jt 
2.2 

6)( 

10 

4,000 

600 

20 

1.6 

30 

15 

11 

8.4 

6.7 

5.4 

4.5 

3.8 

3.2 

2.7 

2.0 

1.5 

40 

12 

9 

7 

5.7 

4.7 

4.0 

3.4 

8.0 

2.5 

L8 

1.4 

20 

8,000 

1,000 

20 

46 

29 

21 

16 

13 

10.8 

8.4 

7.1 

6.0 

4.3 

3.1 

30 

31 

22 

17 

13 

11 

9 

7.5 

6.4 

5.4 

4.0 

8.0 

40 

23 

18 

14 

11 

9.5 

8 

6.8 

6.9 

5.0 

8.7 

2.8 

80 

12,000 

1,500 

20 

69 

44 

32 

24 

19 

15 

18 

10.7 

9.0 

6.5 

4.7 

30 

43 

33 

25 

20 

16 

13 

n 

9.6 

8.2 

6.0 

4.4 

40 

34 

26 

21 

17 

14 

12 

10 

8.8 

7.5 

5.6 

4.1 

60 

20,000 

2,500 

20 

115 

73 

52 

40 

32 

26 

21 

18 

15 

11 

7.9 

30 

77 

55 

42 

33 

27 

22 

19 

16 

14 

10 

73 

40 

58 

44 

85 

29 

24 

20 

17 

15 

18 

9.8 

6.8 

70 

28,000 

3,500 

20 

161 

103 

74 

56 

44 

86 

80 

25 

21 

15 

11 

30 

107 

77 

59 

47 

38 

81 

26 

22 

19 

14 

10 

40 

81 

61 

50 

40 

83 

28 

24 

20 

18 

18 

9.« 

100 

40.000 

5,000 

20 

230 

147 

105 

80 

68 

52 

42 

86 

80 

22 

16 

30 

163 

110 

84 

67 

54 

46 

88 

82 

27 

20 

15 

40 

115 

88 

70 

67 

47 

40 

84 

29 

25 

19 

14 
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are  nBUBllr  run.    Elapli'  tri 
The  speed  for  taii-rope 

Hour;  (c)  8  lo  8  miles  per  hour. 

The  speed  fOr  enillew-rope  hauIsKe  Is  ElveD  bv  the  tame  makera  aa  (a) 
140  to  ICO  ft.  per  minute;  (b)  1  to  2  inll«a  per  honn  (c)  ISO  to  200  ft.  per 
minute.  A  flow  ipeed  Kir  eiidlesi  rope  1<  to  be  prelmed  ui  b«dn(  much 
mora  eoonomical  In  the  weu  of  the  rope  and  <ian,  and  many  pralbr  a  iliigle- 
oar  tfttaa  to  a  Dtp  irattm,  thui  doiiig  awajr  with  the  trip  nder.  By  han- 
dllDK  tbe  can  atnglr  or  eren  Id  trains  of  tvo  and  at  a  alow  apeed,  the  load 
can  be  picked  up  without  any  allpfn^  of  the  npe  tluongh  the  fiipa;  while 
if  trains  of  from  12  to  25  can  are  used,  with  the  rope  traveling  if  lo  3^  miles 
pec  hoDC,  It  is  Impossible  to  pick  up  the  load  without  tuTlng  the  rope  sUp 


through  the  grip,  thus  heaUng  the  rope  and  inittlne  it.  The  alow-speed. 
•'ngle-car  or  small-naln,  system  requires  more  cars,  but  this  Is  oounterbal- 
acedbf  the  Ufb  of  the  cars  and  rope.   Those  that  have  tried  both  qritems 


, nd  rope.   Those  that  have  tried  both  i 

prefer  the  dow-speed  Bmall  trip  to  the  high-speed  large  (zip. 

It  has  been  found  In  general  practice  that  the  mfiimum  polHng  power 
of  a  mule  «fl  well  as  a  locomottve  Is,  approilmately.  one-flRh  its  wwjnt,  or. 


in  other  words,  a  locomotive  wilt  pull  aa  much  as  the  same  weight  ^mulea 
will  pull,  and  at  a  speed  about  three  ttnies  as  great. 

Csit  of  H»li|B.— So  much  depends  on  local  eondderatlons  that  it  it 
dlffieolt  to  give  cons  of  haulage  that  will  tie  of  service.  Mule  haulage 
has  been  glTsn  aa  eoBting.  under  different  conditions,  fi.74  cents  and  T.in 
centi  per  ton-mllo,  and  In  other  locations  2.S6  centa,  2.95  cenU,  and  7.15  cents 
per  ton  of  coal  hauled. 

The  Berwlnd- White  Coal  Mining  Co..  at  WIndber.  Pa.,  i 

motirea  at  various  mines,  which  average,  appraiimately, ^ _ 

9  boiDB,  per  locomotive,  over  an  average  haol  of  2  miles  for  the  round  liip. 
The  approximate  cost  for  operatlns  one  of  these  locomotives,  Including  the 
wsges  of  raotorman.  trip  rider,  and  proportion  nf  power-bouae  eTpenae.  Is 
about  W.D0P9  dav,  or  1)  cent*  per  ton  of  coal  haul  per  mile.  If  the  total 
load,  faichidlng  weight  of  cars.  Is  considered,  It  flgnna  )  on  cent  per  ton  per 
mile.  Theae  Dkurea  do  not,  however,  include  tnadea.  which  is  ■□  Important 
bctor  In  equaDDg  costs  per  ton  per  mile.    In  these  mlnee  there  are  no  mnles 
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whateyer,  the  locomotlTes  distribnting  the  empty  cars  to  room  partings,  for 
the  men  to  push  to  the  face.  If  the  haul  is  done  between  side  tracks  and 
under  similar  grade  conditions,  the  same  locomotives  could  easily  handle 
1,000  to  1,200  cars  per  day. 

Mr.  F.  J.  Piatt,  of  Scranton,  Pa.,  gives  the  following  comparative  costs  of 
electric  and  mule  haulage  per  ton  of  coal  hauled  and  und^  approximately 
the  same  conditions  in  the  same  mine: 


Name  of  Mine. 
1 

Mule  Haulage. 
Cents. 

Electric  Haulage. 
Cents. 

Green  Ridge  Colliery ! 

7.15 
6.58 
2.35 
2.95 
10.77 
9.10 

2.76 

New  York  &  Scranton  Coal  Co 

2.62 

New  York  A  Scranton  Coal  Co 

1.07 

Mt.  Pleasant  Colliery 

1.27 

Hillside  Coal  <&  Iron  Co 

4.56 

Hillside  Coal  &  Iron  Co 

4.65 

The  following  costs  of  electric  haulage,  per  ton  of  material  hauled,  are 
given  in  the  catalogue  of  the  General  Electric  Co.: 


Name  of  Mine. 

Mule  Haulage. 
Cents. 

Electric  Haulage. 
Cents. 

Wythe  Lead  &  Zinc  Co 

10 

2.56 

Blossburg  Coal  Co 

7.9 

Cleveland-CliflfelronCo.  ('94,  '95,  '96) 

8.9,  4.5,  4.8 

At  Carbondale,  Pa.,  compressed-air  locomotives  have  hauled  coal  for 
1.5  cents  per  ton-mile,  at  Mill  Creek,  Pa.,  for  3.77  cents  per  tonrmile,  and 
at  Glen  Lyon,  Pa.,  for  1.89  to  1.93  cents  per  ton-mile. 


THIRD-RAIL  MINE   LOCOMOTIVES. 

By  W.  L.  Apfelder.* 

Traction  locomotives  have  overcome  practically  every  obstacle  that  has 
appeared  in  their  path  except  that  of  grade.  No  conservative  manufacturer 
will  recommend  a  traction  locomotive  for  a  haulage  in  which  the  grade 
against  the  loaded  trips  exceeds  5  per  cent.,  and  the  more  conservative 
place  4  per  cent,  as  the  practical  limit.  A  traction  locomotive  will  work 
successililly  on  considerably  steeper  grades  when  the  grades  are  ^ort  and 
all  of  a  large  trip  will  not  be  on  the  grade  at  the  same  time,  but  where  a 
giade  of  over  4  per  cent  is  continuous  over  a  considerable  distance,  some 
other  system  or  mechanical  haulage  should  be  adopted.  This  fiaict  led 
several  companies  into  experimenting  on  electric  haulage  in  which  tractive 
force  due  to  the  weight  of  the  locomotive  would  not  be  a  flUitor,  and  in 
which  fWction  and  gravity  alone  would  have  to  be  overcome. 

In  1899,  the  Morgan  Electric  Machine  Co.  placed  their  first  third- 
and- traction-rail  locomotive,  or  so-called  "sprocket'  locomotive,  in  the  Star 
City.  Ind.,  mine  of  the  Harder  &  Hafer  Co.,  of  Chicago.  This  system,  as 
developed,  combines  the  flexibility  of  the  trolley-traction  system  and  the 
advantages  of  the  wire-rope  systems  in  surmounting  grades.  The  third  rail 
is  genenuly  placed  5  inches  to  the  right  of  the  center  of  the  track.  There 
are  three  sizes  of  third  rail— standara,  heavy,  and  special,  and  the  compo- 
nent parts  of  each  are  made  in  16-foot  lengths.  The  standard  aixe  will 
be  described.  A  6^'  X  li"  white-pine  bottom  stringer  F  is  securely 
spiked  to  the  ties,  which  are  first  trimmed,  if  necessary,  to  receive  it.  On 
this  stringer  are  spiked,  at  intervals  of  about  18  inches,  pine  blocks  E  of 

•  See  "Mines  and  Minerals,"  March,  1904. 
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ga01cleatUilckDenIobrincthebei§;ht  ofthe  completed  third  rail  4  Inchca 
above  the  heigbt  of  the  ateet  ralla.  Two  lODglCuilinal  pine  strips  D,  each 
21  Id.  X  It  In..  t,w  Epiked  to  the  bloi^ke.  leavliig  s  l)-tn.  elot  between  them. 
They  are  n-lmmed  on  top  in  such  a  way  as  lo  allow  Ihe  Iron  track  C.  which 
1b4  In.  wide  and  |-in.  thick,  to  be  partially  countenunk.    This  track  con- 


.  n  the  lower  aldi 

and  thslened  to  them  wltl.  _p 

cable,  vhlcb  1b  conoeoled  with  the 


joint, 
epikea.    By  meant  ot  an  inaulated  copper 


"vp 


D"a\D'ff.o'S-. 


introdaced  Into  the  third  rail.   The  woodea  portion  of  tl: 


IS  a  medium  for  Imulatlng  It.    The 


aileandftomtbeeearby  means  of  maple  blocks,  shown  In  solid  hi.. 
figure.  The  teeth  of  the  two  Bprockec  wheels,  which  ate  geared  H 
unison,  run  In  the  slot  betweea  the  two  wooden  atrlpe  D  B  and  J 
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third  rail  and  ensage  the  iron  rail  C.  In  coming  in  contact  with  the  charged 
iron  rail,  they  tale  up  the  current,  and  through  the  agency  of  copper  con- 
tact springs  that  rub  against  them,  impart  the  current  to  the  motor  or 
motors.  In  revolving,  the  motor  drives  the  sprockets,  and  as  the  construc- 
tion of  the  third  rail  is  such  as  to  make  it  absolutely  rigid,  the  movement  of 
the  sprockets  in  the  perforated  iron  track  produces  motion  of  the  locomo- 
tive. As  all  transmisinon  of  power  is  through  the  cut-eteel  gear-wheels,  loss 
of  power  is  entirely  eliminated. 

The  following  advantages  are  claimed  for  this  system:  The  ftill  power  of 
the  third-rail  locomotive— weighing  only  6,000  lb.— is  availaMe  at  all  times 
regfurdless  of  the  grades,  within  limits,  or  slippery  character  of  the  track  snr- 
foce.  The  third  rail  can  be  extended  easily  and  cheaply  bv  the  track  layers 
as  the  regular  track  is  extended.  There  is  little  liability  of  explosions  beins 
caused  by  the  electric  current,  as  the  conductor  is  close  to  the  floor;  ana 
from  this  same  line  power  can  be  taken  off  at  any  point  to  light  the  mine 
and  to  run  machinery.  No  sand,  trolley  pole,  or  trolley  wire  are  required; 
and  men  and  animals  are  safe,  as  it  is  practically  impossible  for  them  to 
accidentally  come  in  contact  with  the  electric  current.  Also,  heavy  feJls  of 
roof  will  not  injure  the  third  rail.  Moreover,  in  this  system,  only  a  com* 
paratively  small  weight  has  to  be  moved,  thus  saving  in  i)ower  and  wear. 

A  modiflcation  of  the  above-described  evebem  is  manufactured  by  the 
Morgan  Electric  Machine  Go.,  consisting  of  a  combination  of  a  complete 
trolley  traction  locomotive  with  the  third-rail  feature  for  use  on  grades. 

Gather ini  looemetlvea  are  used  to  take  the  cars  from  the  rooms.  They  are 
similar  in  their  eeneral  construction  to  the  ordinary  traction  locomotive  but 
are  shorter  and  lower.  In  traveling  along  the  entries  the  locomotive  obtains 
its  power  by  means  bf  a  re&rular  trolley  attachment,  but  when  leaving  an 
entry  to  go  into  a  room  the  trolley  pole  is  fastened  down  and  a  flexible 
insulated  cable  is  hooked  upon  the  trolley  wire  and  ui)on  the  track.  The 
current  returns  through  the  bonded  rails  in  rooms  where  steel  rails  are  used, 
and  when  wooden  rails  are  used  in  the  rooms  a  double  cable  like  that  on  a 
mining  machine  is  used,  one  cable  being  attached  to  the  trolley  wire  upon 
the  entry  and  the  other  to  the  ground  wire  or,  entry  rail.  The  reel  upon 
which  the  cable  winds  acts  automatically  to  keep  the  cable  taut  in  winding 
and  unwinding.  It  is  operated  by  chains  and  sprocket  wheels  or  by  fHctlon 
plates.  Severcu  makes  of  gathering  locomotives  are  now  being  operated 
successfhlly,  both  in  anthracite  and  bituminous  mines. 
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Underground  or  mine-car  tracks  should  be  solidly  laid  on  ffood  sills,  rest- 
ing on  the  solid  floor  of  the  mine.  They  should  be  well  liallasted,  and 
should  have  good  clean  gutters  on  the  low^  side  of  the  entry,  so  that  the 
rails  may  be  protected  as  much  as  possible  from  the  action  of  the  mine 
water.  Much  of  ^e  following  data,  on  mine  roads  is  based  on  an  article  on 
••  Mine  Roads,"  by  Mr.  H.  L.  Auchmuty,  "  Mines  and  Minerals,"  March, 
1900. 

•  Grade.— The  jgrades  depend  entirely  on  circumstances,  but,  when  possible, 
the  grade  shoula  be  in  favor  of  the  load,  and  should  be  at  least  6  in.  In  100  ft 
to  insure  flow  in  the  gutters  alongside  the  track.  On  main  roads,  where 
wagons  having  a  capably  of  1.5  to  2.5  tons  are  hauled  by  animal  power,  the 
gnSes  should  not  exceed  1)(  to  2^  in  favor  of  the  loaded  wagon.  Such  a  rate 
of  grade  provides  for  an  easy  return  haul  of  the  empty  trip  without  wearinr 
out  the  stock,  and  likewise  insures  good  drainage.  With  grades  under  li 
unless  the  ditches  are  kept  perfectly  clean,  the  drainage  is  apt  to  be  slugrisi] . 
and  then,  in  low  places,  we  are  sure  to  find  a  wet  and  muddy  traek,  which 
is  a  great  source  or  waste  energy.  ,    . 

Where  hauling  is  done  by  locomotives,  whether  by  oompressed  air  or 
steam,  the  adverse  grades  should  not  be  over  1.5)(  to  2.5)1  if  it  can  possibly  be 
avoided.  When  gradients  are  heavy,  too  great  a  percentage  of  the  tractive 
power  of  the  locomotive  is  consumed  in  drawing  itself  up  the  grade. 

Ties  should  be  spaced  about  2  ft.  apart,  center  to  center,  making  15  to  a 
ao'  rail.  The  rail  should  be  well  spikea  to  the  ties  with  four  spikes  to  each 
tie,  the  Joint  between  two  rails  on  one  side  of  the  track  hetng  located  about 
midway  between  two  Joints  on  the  opposite  rail.  Care  should  be  taken  in 
locating  the  spikes  that  they  are  not  all  in  the  center  of  the  tie,  thoeiby 
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cansiiig  a  tendency  to  split  the  same.  It  is  best  to  place  them  each  side  of 
the  center  with  two  spikes  between  the  rails,  on  one  side,  and  the  two  spikes 
on  the  outside  of  the  rail  on  the  other  side  of  the  center  of  the  tie.  With  the 
spikes  so  located,  there  is  no  tendency  for  the  tie  to  slide,  as  there  is  if  an 
outside  and  inside  spike  are  on  the  same  side  of  the  center  of  the  tie.  Ties 
having  a  5  in.  face  and  4  in.  deep  by  5|  ft.  in  length  should  be  used  for  the 
ordinary  sizes  of  rail,  i.  e.,  16  lb.  to  20  lb.,  and,  in  general,  the  thickness 
should  be  sufficiently  great  that  the  spike  does  not  pass  entirely  through  the 
tie,  as  then  its  holding  power  is  ereatly  diminished.  On  haulaee  tracks 
where  35-lb.  to  40-lb.  rail  is  used,  the  ties  should  be  at  least  5  in.  deep  and 
have  a  foce  of  6  in.,  the  ties  ordinarily  used  for  lighter  sises  of  rails  oeing 
entirely  too  thin  for  rails  of  this  weignt,  as  a  larger  spike  than  the  ordinary 
3  in.  X  I  in.  is  required  to  securely  hold  the  rails  to  place.  The  ends  of  the 
ties  should  be  lined  up  along  one  side  of  the  track,  so  that  they  are  all  the 
same  distance  f^rom  the  rail,  and,  with  each  tie  placed  at  right  angles  to 
the  rail  as  it  should  be,  we  have  a  well-spaced,  neat-looking  track,  which, 
when  well  tamped  witn  the  ballast,  is  perfectly  solid.  On  curves,  the  ties 
should  be  laid  so  as  to  form  radii  of  tne  curves  of  the  track. 

Rs ill.— The  weight  of  rail  to  be  chosen  in  any  individual  case  depends 
entirely  on  the  weight  of  wagons  used,  and  the  motive  power.  For  wagons 
whose  capacity  is  about  1.5  tons,  the  weight  of  redl,  when  the  motive  power  is 
live  stock,  should  not  be  less  than  16  lb.  per  yd.,  while  for  wagons  having  a 
capacity  of  2  tons  or  over,  a  20-lb.  rail  should  be  used.  There  is  no  economy 
in  using  a  very  light  rail,  as  the  base  is  gradually  eaten  away  by  the  mine 
water  when  it  comes  in  contact  with  the  metal,  and  in  the  case  of  a  heavy 
section  of  rail,  it  will  be  much  longer  before  the  rail  becomes  weakened. 

On  main  roads,  where  haulage  machinery  of  one  kind  or  another  is  used, 
the  weight  of  rail  for  2-ton  wagons  should  be  from  25  lb.  to  85  lb.  per  yd., 
and  on  steep  slopes  as  high  as  40  lb.  per  yd. 

In  the  case  of  locomotive  haulage,  authorities  claim  that  the  weight  of  rail 
should  be  regulated  by  allowing  1  ton  for  each  driver  for  each  10  Id.  weight 
of  rail  per  yd. 

Gauge.— The  gauge  of  the  track  in  coal  mines  should  not  be  less  than  80  in. 
nor  more  than  48  in.  A  mean  between  these  two,  or  a  gauge  of  from  88  in.  to 
42  in.  is  desirable,  because  it  combines,  to  a  certain  extent,  the  advantages 
claimed  for  the  extremes.  The  advocates  of  broad  gauges  believe  that  the 
greater  stability  of  the  track  and  the  consequent  reduction  in  haulage  expen- 
ses, the  increased  capacity  of  the  broad-gauged  mine  cars,  the  reduction  in 
the  outlay  for  rolling  stock,  and  for  repairs  to  the  same,  more  than  equal 
the  disadvantages  of  oroad  as  compared  to  the  narrow  gauges. 

Advocates  of  the  narrow  gauges  think  that  the  ease  of  hauling  around 
sharp  curves,  the  reduction  in  cost  of  construction,  and  the  use  of  mine  cars 
with  inside  wheels,  are  advantages  greater  than  those  advanced  by  the 
advocates  of  the  broad  gauges.  An  allowance  of  about  i  in.  should  always  be 
made  between  the  wheel  gauge  and  the  track  gauge.  By  so  doing,  the  resist- 
ance to  hauling  is  greatly  overcome,  and  there  is  no  binding  of  the  wagons 
on  the  track,  hence  a  less  likelihood  of  having  derailed  wagons.  With  an 
average  running  wagon,  there  is  a  resistance  of  15  to  20  lb.  per  ton  tractive 
force  on  a  level  track,  which  would  be  equal  to  the  resistance  occasioned  by 
a  grade  of  .^^  to  1<,  and  with  wagons  that  bind  on  the  track,  this  resistance 
is  greatly  increased. 

Curves  should  be  of  as  large  a  radius  as  possible,  and  never,  if  possible,  of 
lees  radius  than  25  ft.  The  resistance  of  curves  is  very  considerable.  The 
less  the  radius  of  the  curve,  and  the  greater  the  length  of  the  curved  track 
occupied  by  the  trip,  or  train,  the  greater  the  resistance.  The  length  of 
wheel  bases  of  the  cars,  the  condition  of  rolling  stock  and  of  the  track,  and 
the  rate  of  speed,  all  influence  the  resistance,  and  there  is  no  formula 
that  will  apply  to  all  cases.  In  practice  on  surface  railroads,  engineers 
compensate  for  curves  on  grades  at  the  rate  of  ^^  ft.  in  each  hundred  feet 
for  each  degree  of  curvature,  the  grade  being  stated  in  feet  per  hundred. 
In  mine  work,  this  compensation  is  not  made,  as  the  gain  will  not  pay  for 
the  labor  that  must  necessarily  be  employed  to  do  work  in  a  thoroughly 
scientific  manner. 

Sharper  curves  can  be  used  on  narrow-gauge  roads  than  on  broad-gauge 
roads,  because  the  difference  in  length  of  the  inner  and  outer  rails  on  curves 
on  the  same  degree  is  not  quite  so  great,  and  also  because  the  wheel  bases 
of  cars  are  less.    The  track  should  be  spread  about  i  in.  on  easy  curves,  and 
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on  very  short  eniTet  about  1  in.,  or  as  much  as  the  tread  of  the  wheels  wlU 

Sermit  A  good  rule  is  to  widen  the  track  A  in.  for  each  2k^  of  curvature, 
hort  and  irregular  curves  are  to  be  avoided  whenever  possible,  as  they 
increase  the  load  and  are  destructive  to  rails  and  rolling  stoci.  When  a  sharp 
curve  is  necessanr,  the  rail  should  be  bent  to  the  right  curvature  by  a 
I)ortable  r^  bender,  or  bv  a  iack  and  clamps. 

To  Bend  Rails  to  Proper  Arc  for  Any  Rsdioi.— Bails  are  usually  80  ft.  lon^,  and 
the  most  convenient  chord  to  use  in  bending  mine  rails  is  10  ft. 

Then,  having  the  radius  and  chord,  we  find  the  rise  of  middle  ordinate  by 
squaring  the  radius,  and  firom  it  take  the  square  of  i  the  chord.  Extract  the 
square  root  of  the  remainder  and  subtract  it  from  the  radius;  the  result  will 
be  the  rise  of  the  middle  ordinate.  Thus,  having  a  radius  of  30  ft.  and  a 
chord  of  10  ft.,  the  middle  ordinate  will  be 

30  -  1/302 -5«,  or  0.42  ft. 

Riil  Elevation.— In  elevating  rails  on  curves,  consider  whether  the  hftniinp 
is  to  be  done  by  a  rope,  or  by  a  locomotive,  or  electric  motor.  For  either^ 
the  latter,  elevate  the  rail  on  the  outside  of  the  curve;  but  for  the  first, 
elevate  the  inner  rail,  since  as  the  power  is  applied  by  a  long  flexible  rope, 
there  is  always  a  tendency  for  both  rope  and  wagons  to  take  the  long  choia 
of  the  curve  as  soon  as  the  point  of  curve  is  reached.  On  slope  haulages, 
operated  by  a  single  rope,  when  the  weight  of  the  waf  ons  traveling  on  the 
grade  of  the  slope  is  sufficient  to  draw  the  rope  ofiT  the  hoisting  drum,  the 
rails  on  curves  should  be  elevated  on  the  outside,  the  effect  then  being 
similar  to  that  of  a  locomotive,  1.  e.,  the  centrifugal  force  tends  to  throw  the 
wagon  to  the  outside  of  the  track.  In  such  cases,  the  elevation  should  be 
moderate  so  as  not  to  interfere  with  the  trip  when  drawn  out  again  by  the 
rope— the  opposite  effect  being  then  experienced.  On  an  18^  curve  (319  fL 
radius),  an  elevation  of  2  in.  or  3  in.  in  the  outer  rail,  where  the  haulage  was 
by  slope  rope,  has  never  given  any  trouble  in  operating.  In  general,  the 
elevation  ot  rail  necessary  for  different  decrees  of  curvanire  for  a  42"  track 
gauge  should  be  made  in  accordance  with  the  following  table: 

Table  op  Elevations. 

For  outer  rail  of  curves  for  a  speed  of  10  to  15  miles  per  hour  and  a  gauge 
of  track  of  42  in.  for  locomotives;  or  for  slope  haulages  where  cars  run  down 
grade  by  gravity. 


Degree 

Radius 

Elevation 

DegrcQ 

Radius 

Elevation 

of 

of 

of  Outer 

of 

of 

of  Outer 

Curve. 

Curve  (Ft.). 

Rail  (In.). 

Curve. 

Curve  (Ft). 

Rail  (In.). 

1 

5,729.6 

1 

10.0 

573.7 

1. 

2 

2,864.9 

12.0 

478.3 

^tW 

3 

1,910.1 

t 

15.0 

883.1 

If 

4 

1,432.7 

18.0 

319.6 

lij 

5 

1,146.3 

20.0 

287.9 

2A 

6 

955.4 

.  1 

57.3 

100.0 

4|- 

7 

819.0 

'  I 

95.5 

60.0 

H 

8 

716.8 

\ 

114.6 

60.0 

H 

9 

637.3 

1 

No  elevation  should  be  over  4k  in.,  which  would  be  equivalent  to  an 
elevation  of  6  in.  for  standard  track  gauge  of  4  ft.  9  in.,  the  latter  being  con- 
sidered as  the  maximum  for  standard  gauge. 

Rollers.— The  rollers  on  level  tracks  should  not  be  more  than  about  20  ft. 
apart  to  properly  carry  the  rope,  and  on  eravity  slopes  where  the  lower  end 
or  the  slope  gradually  flattens  off,  the  distance  between  rollers  should  not 
be  more  than  12  to  15  ft.,  as  this  spacing  allows  the  trip  of  wagons  to  run 
much  farther,  by  keeping  the  rope  well  off  the  ties,  than  if  they  are  faither 
apart,  thereby  not  supporting  tne  rope,  and  causing  a  great  amount  of 
Mction  between  the  rope  and  the  ties.  With  tracks  in  fisdr  shape  and  rollers 
12  to  15  ft.  apart,  the  resistance,  due  to  the  rope  in  running  empty  wagons 
down  grades  varying  from  3.8j(  to  6.2^  varied  from  6j(  to  15)(  of  the  wei^t  ot 
ropes  by  actual  trial. 
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Swltohtt.~The  switch,  or  laidL  most  commonly  used  in  mines  is  shown 
in  Fiff.  7.  When  the  hranch  or  sldinff  is  in  constant  use,  an  ordinary  railway 
ftog  IS  sabstituted  for  the  bar  b.  The  latches  a,  a  are  wedge-shaped  bars  of 
iron  (made  as  high  as  the  rail)  with  an  eye  in  the  thick  end.    They  are 

sometimes  connected  together  by  a  rod 
attached  to  a  lever  so  that  they  may 
both  be  moved  at  once  ftx>m  the  side  of 
the  track,  or  by  a  person  situated  some 
distance  away.  This  switch  is  made  self- 
closing  or  automatic  whenever  it  is 
necessary  to  run  all  the  cars  off  at  the 
branch  (the  switch  then  being  used 
only  to  admit  cars  to  the  main  track) 
by  attaching  the  latches  through  a  bar 
or  lever  to  a  metallic  spring,  a  stick  of 
some  elastic  wood,  or  a  counter  weight, 
to  pull  them  back  into  a  certain  posiaon 
whenever  they  have  been  pushed  to  one 
side  or  the  other  by  the  passage  of  a  car 
on  the  main  track.  Figs.  10, 11, 12,  and  13  show  some  of  the  applications  of 
these  spring  latches  or  automatic  switches. 

A  modincation  of  this  switch  is  Shown  in  Fig.  8,  which  represents  a  form 
of  double  switch.    These  latches  are  set  by  the  drivers,  who  kick  them  over 
and  drop  a  small  square  of  plate  iron  between  them  to  hold  them  in  place 
This  switch  costs  more  than  the  other  style  and  is  better  adapted  to  outside 
roads  than  to  inside  roads. 

The  ordinary  movaUe  rail  switch  in  common  use  on  all  surface  railways 
is  sometimes  used  in  mine  roads.    It  is  commonly  used  in  slopes  arranged  as 
shown  by  Fig.  12,  to  replace  latches  set  by  the 
car.  and  is  also  largelv  used  in  outside  roads. 
For  crossings,  ordinary  railway  frogs  and 
grade  crossings  are  sometimes  used,  as  is  also 
a  small  turntable,  which  then  answers  two 
purposes.    More  frequently  the  plan  shown 
in  Fig.  9,  in  which  four  movable  bars  are 
thrown  across  the  main  track  whenever  the 
other  road  is  to  be  used,  is  adopted. 

The  subordinate  road  is  built  from  U  to  2 
in.  higher  than  the  main  road,  to  allow  the 
bars  to  clear  the  main-track  rails. 

Turnouts.— On  gangways  or  headings  used  as  main  haulage  roads,  turnouts 
should  be  constructed  at  convenient  intervals  to  allow  the  loaded  and 
empty  trips  to  pass.  These  turnouts  should  be  long  enough  to  accommodate 
from  5  or  6  up  to  15  or  20  cars.  The  switches  at  each  end  may  be  made  self- 
acting  so  that  the  empty  trip,  coming  in,  is  thrown  on  the  turnout,  and  in 
running  out  on  the  main  track  at  the  otner  end,  the  loaded  cars  open  the 
switch,  which  immediately  closes. 

As  there  is  constant  trouble  with  self-setting  switches,  either  from  small 

fragments  of  coal  or  slate  clogging  them 
up,  or  from  insufficient  power  of  the  spring 
to  move  them,  they  are  viewed  with  dis- 
favor by  many  mine  managers,  who  do 
not  care  to  use  them  under  any  conditions. 
Slops  Bottom8.~At  the  foot  of  a  slope, 
or  at  the  landing  on  any  lift,  the  gang- 
way is  widened  out  to  accommodate  at 
least  two  tracks— one  for  the  empty  and 
one  for  the  loaded  cars.  The  empty  track 
should  be  on  the  upper  side  of  tne  gang- 
way, or  that  side  nearer  the  floor  of  the 
seam,  and  the  loaded  track  on  that  side 
of  the  gangway  nearer  the  roof  of  the  seam. 
An  arrangement  of  tracks  often  used 
is  shown  in  Fie.  10.  At  a  distance  of  40 
or  60  ft.  above  the  gangway,  the  slope  is  widened  out  to  accommodate  the 
branch  leading  into  the  gangway  loaded  track.  This  branch  descends 
with  a  gradually  lessening  inclination  until  nearly  at  the  level  of  the  gang- 
way it  turns  into  the  main  loaded  track.  A  short  distance  above  the  gangway. 


Fig.  8. 


Fig.  9. 
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a  bridge  or  door  is  placed,  which,  when  doeed,  fonni  a  lateh  hy  which  the 

empty  cars  are  taken  off  the  slope.   The  empty  track  ii  aboat  6  ft  hi^ier 

than  the  loaded  track,  and  is  carried  over  it  on  a  trestle.   The  illustration  in 

Fig.  10  shows  the  plan  as  arranged  for  a  single  slope,  or  one  side  only  of  a 

slope  taking  the  coal  from  both  directions. 
When  coal  is  being  raised  firom  this  lift, 
the  bridge  is  dosea:  the  empty  car  comes 
down  and  is  run  off  over  the  teidge;  the 
car  is  unhooked  from  the  rope,  and  the 
chain  and  hook  attached  to  the  rope  are 
thrown  down  to  the  branch  below  on 
which  a  loaded  car  is  standing;  the  loaded 
car  is  attached,  the  signal  giyen.  the  car 
ascends  to  the  main  &ack  on  the  slope, 
opening  the  switch— or  the  switch  may  oe 
set  each  time  by  the  bottom  men,  by  a  lever 
at  the  bottom  of  the  branch.  This  plan  can 
only  be  economically  applied  in  thick 
seams,  as  the  height  necessary  to  allow  cme 
track  to  cross  the  other  on  a  trestle  cannot 
be  obtained  in  seams  of  moderate  thick- 
ness without  taking  down  a  large  amount 
of  top. 

A  more  simple  plan,  which  dispenses 
Fio.  10.  with  the  bridge,  is  often  used.    The  branch 

is  laid  off,  as  shown  by  Fig.  10,  but,  near 

the  point  where  it  enters  the  gangway,  a  switch  opening  into  the  empty 

track  is  placed.    By  tills  arrangement,  the;  tracks  cannot  be  as  well  arranged 

for  handling  the  cars  by  gravity  as  in  the  former  plan,  in  which  the  empty 

cars  whendetached  fTom  the  rope  run  by 

gravity  into  the  empty  siding,  and  the  loaded 

cars  descend  by  gravity  around  the  curve  to 

the  foot  of  the  branch,  where  they  lie  ready  to 

be  attached  to  the  rope. 

When  the  pitch  of  the  slope  is  so  steep  that 

the  coal  or  ore  falls  out  of  the  cars,  during 

hoisting  a  gunboat  is  used  or  the  cars  are 

raised  on  a  slope  carriage— In  either  (Muae,  the 

arrangement  of  the  tracks  Lat  lift  landings  is 

entirely  different.    With  either  a  gunboat  or 

a  slope  carriage,  the  arrangement  of  tracks 

on  the  slope  w  the  same;  but,  in  the  former 

case,  a  connection  between  the  slope  and  Fio.  u. 

gangway  tracks  is  often  advisable.    When  a  ^     **     , 

Sanboat  is  used,  the  gangway  tracks  run  direct  to  the  slope,  ana  a  tipple,  or 
ump,  is  placed  on  each  side  to  dump  the  mine  cars  over  the  gunboat; 
but  when  the  cars  are  raised  on  a  slope  carriage,  the  gangway  tracks 

run  direct  (at  right  angles)  to  the  slope,  to  carry 
the  car  to  the  cage  or  carriage.  The  floor  of  the 
cage  is  horizontal,  and  has  a  track  on  it  that  fits 
on  the  end  of  the  gangway  track  when  the  car- 
riage is  at  the  bottom,  and  this  track  is  arranged 
wiu  stops  similar  to  those  on  cages  used  in  shuta 
Anotner  common  arrangement  of  tracks  at 
the  bottom  of  a  slope  is  shown  in  Fig.  U.  A 
branch  is  made  by  widening  the  slope  out  near 
the  bottom,  and  this,  being  a  few  feet  higher  than 
the  main  track,  is  used  to  run  off  the  empties  by 
gravity.  The  loaded  cars  ran  in  by  gravi^ 
around  the  curve  to  the  fbot  of  the  slope  in 
position  to  be  attached  to  the  rope. 

In  ascending,  the  loaded  car  forces  its  way 

Fie.  12.  through  the  switch,  or  the  switch  may  be  set  by  a 

leverlocated  at  the  foot  of  the  slope.    When  the 

empty  car  descends,  it  runs  in  on  the  branch,  where  the  chain  is  unhooked 

and  thrown  over  in  flront  of  the  loaded  car,  and  runs  around  the  curve  into 

the  gangway  by  gravity. 

It  wUl  be  observed  that  in  this  plan  the  loaded  car  (and  oonsequentiy  the 


W 
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botbnn  man)  rtandion  Ibe  tmsk  In  line  irith  (he  dope,  uid  liln  dangar  from 
■iDiroUaeti  fitlltng  doini  Oie  slope,  oi  Oom  the  breuage  of  the  lope  or  coup- 
lings;  bat  tbii  cui  be  obviated  b;  mufctny  the  bottom  on  the  ciure.  Tne 
illuMmUon  In  Fig.  11  HbowionlTODBiideof  Cheilope;  the  other  dde  la,  of 

All  Cben  plana  neceadtate  Que  location  of  (hat  part  of  the  magiie.j  neu 
tbealope,lntheupperbeiiGhnof  tbeooaloT  neai  theloprock.  7benng- 
wb;  Is  then  cuired  sentljaioond  toward  the  flooi,  M  thai,  when  It  tuwoeen 
driven  (hr  eDoa^  tq  leave  a  sDlBclcotlr  thick  loUai,  the  bottom  bench  la 
reached  and  the  gancwa;  Is  then  driven  tloDf  tu  bottom  lock. 

A  very  dlffbreot  bottom  anangonent  ii  shown  by  Fig.  12,  which  also 
repieaenu  •  plan  ftequently  adopted  on  >arihce  plana.  The  two  dope 
tracks  are  meiged  into  one  a  diort  dlitanoe  fiom  the  bottom  of  the  dope,  and 
on  the  oppodta  ridca  of  Uie  bottom  two  tracks  onrve  aiouDd  into  the  gang- 
way on  oppodte  rida  of  the  dope.  As  ttuae  tsanclus  carve  Into  the  mafn 
gangway  Backs,  a  switch  sends  off  a  dde  track  tat  tlie  empty  cara.  The 
switch  on  the  slope  is  sltber  set  by  the  car— and  this  can  be  dona  becaose 
the  next  loaded  goea  op  on  the  Buneddeon  which  the  laM  empty  descended 
—or  by  a.  lever  located  at  the  bottom. 


Fio.  IS.  Flo.  14. 

adverse  grade.  Tlie  dliadvantage  above  noted  of  having  the  bottom  Id 
direct  line  with  the  slope  (where  there  is  danger  from  breakage  and  Calling 
materiaJ}  also  obtalne  In  tbls  plan. 

In  the  plan  shown  b;  Fig.  13,  the  grades  may  be  so  arranged  that  the  cars 
—  ^e  entirely  handled  by  giavlly.    The  latches  on  the  nmin-slope  tnick 


.'Sly  handled  by  Kiavlly.    ' „ . 

may  be  closed  autumatlcally  by  e  spring  or  weight,  the  loaded  a 

tiirougb  them  in  lis  ascent  on  the  slope,  or  bolh  sets  may  be  opt ^  _ 

alogle  lever  at  the  bottom.    The  switch  at  the  upper  end  of  the  central  track 

tbatt 


tiirougb  them  in  lis  ascent  on  the  slope,  or  bath  sets  may  be  operated  by  a 
alogle  lever  at  the  bottom.  The  switch  at  the  upper  end  of  the  central  track 
(loaded)  is  set  by  a  hand  lever.  All  three  sets  may  be  Unked  together,  ao 
'"—it  they  can  alt  t>e  properly  set  by  a  shule  lever.  Reference  to  Fig,  11  will 
iw  tbat  this  is  only  a  madiQcatlon  oTtliat  method.    It  requires  space  at 

*- for  only  three  Cracky  wlilie  Fig.  13  requires  width  to  accom- 

r  tracke,and  Is  objocoonable  l>£cause  It  la  more  cumpltcaled. 
A  of  latchee  at  the  top  of  the  central  tract,  and  the  curvature  of 

antral  one.  must  Inevitablj' cause  much  trouble 

k  at  this  point. 

lo  many  of  the  objections  pertaining  to 

, , which  need  not  be  reiterated  here.    It 

can  only  be  employed  In  thick  seams,  or  In  seams  of  moderate  thlcknea 


I  delay  fron 
rheplansb 
le  of  those 


lying  at  a  dl^t  angle  or  _r- 

In  plannmgthe  arrangement  of  tracks  on r-- ■ 

M  tew  Bwltdics  as  posrible  on  the  dope  itself,  to  keep  the  main  track 


a  slope,  it  Is  advisable  to  gaca 
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tmbroken,  to  make  the  trackB  as  straight  as  ponible,  to  have  nothing  stand- 
ing at  the  bottom  in  direct  line  with  the  slope  tmcks,  and  to  arrange  the 
tracks  so  that  cars  are  handled  by  gravily. 

The  arrangement  of  tracks  near  the  top  of  the  slope,  and  on  the  sorfaoe, 
is  often  very  similar  to  the  bottom  arrangements,  as  already  described;  but 
as  all  loaded  cars  (except  rock  and  slate  cars,  which  are  run  off  on  a  separate 
switch)  are  to  be  sent  off  on  one  track,  and  all  the  empties  come  in  on  the 
same  track  to  the  head  of  the  slope,  and  as  there  is  usually  abundance  of 
room  fiMT  tracks  and  sidings,  these  top  arrangements  are,  in  a  measure,  much 
more  easily  designed.  In  some  instances,  the  two  main-slope  tracks  run 
into  a  single  track  near  the  head  of  the  slope— a  plan  somewhat  similar  to 
the  bottom  arrangement  shown  by  Fig.  12— and  the  cars  are  then  brought  to 
the  surfiEMie  on  one  track,  which,  after  passing  the  knuckle,  biftircatesmto  a 
loaded  and  empty  track.  A  similar  arrangement  is  frequently  adopted  at 
slopes  on  which  a  carriage  or  gunboat  is  used.  When  tne  two  mam-slope 
tracks  are  continued  up  over  the  knuckle  to  the  surfetce— the  most  common 
and  best  plan— the  arrangement  of  tracks  and  switches  may  be  planned 
entirely  with  a  view  to  the  quickest  and  most  economical  method  of 
handling  the  cars. 

Vtrtioal  Carves.— The  vertical  curves  at  the  knuckle  and  bottom  of  a  slope 
or  plane  should  have  a  sufficiently  large  radius,  so  that  when  passing  over 
them  the  car  will  rest  on  the  rail  with  both  front  and  back  wheels.  The 
wheel  base  of  the  car  must  be  considered  in  adopting  the  radius  for  these 
curves,  for  if  the  curve  is  of  too  short  a  radius,  there  is  danger  of  the  car 
jumping  the  track  every  time  it  passes  over  the  curve. 

Traokt  for  Bottom  of  Shaft— Fig.  15  shows  the  arrangement  of  tracks  at  the 
foot  of  a  shaft,  with  one  of  the  cages  at  surface.  The  grades  should  be  so 
arranged  that  from  the  inside  latches  of  the  crossings  the  empty  track 
should  have  a  slight  down  grade  from 
the  shaft,  and  the  loaded  track  a  slight 
down  grade  toward  the  shaft.  The  cross- 
ings and  the  short  straight  piece  of  road 
close  to  the  shaft  should  be  leveL 

As  it  is  often  desired  to  move  empty  Fig.  15. 

can  from  one  side  of  the  shaft  to  the 

other,  without  stopping  the  hoisting,  a  narrow  branch  road  should  be  cut 
through  the  shaft  pular,  and  used  for  this  purpose.  Where  the  pitch  of  the 
seam  prevents  this,  a  road  should  be  lead  alongside  the  shaft,  room  to 
accommodate  it  being  cut  out  of  the  rock  on  the  side  most  desirable.  (See 
also  Shaft  Bottom,  page  276.) 

In  arranging  tracks  for  shaft  bottoms,  at  tops  and  bottoms  of  slopes,  on 
coal  bins,  for  mechanical-haulage  landings,  at  foot  of  slopes  or  shafts,  or  in 
the  body  of  the  mine,  it  is  customary  to  provide  double  tracks  of  sufficient 
length  to  hold  the  requisite  number  of  wagons  for  economically  operating 
the  plant  and  with  sufficient  distance  from  center  to  center  of  tracks,  ima 
from  centers  of  tracks  to  sides  of  entries,  to  easily  pass  around  the  wagons 
where  it  may  be  necessary,  either  in  handling  them,  or  in  lubricating  the 
wheels.  For  wagons  with  a  capacity  of  from  U  to  2  tons,  it  generally 
requires  an  entry  to  be  about  15  to  17  ft.  wide  in  the  clear  for  ordinary  land- 
ings in  the  body 'of  the  mine,  while  at  shaft  bottoms  the  necessary  width 
may  attain  17  to  18  ft.  in  the  clear,  owing  largely  to  location  and  local 
requfrements.  The  curved  crossovers  connecting  the  tracks  at  shaft  hot- 
toms  should  be  designed  with  radii  of  as  great  length  as  can  be  introduced, 
thereby  giving  an  easy  running  track.  They  should  not  be  less  than  flrom 
20  to  50  ft.  on  center  lines  for  ordinary  gauge  of  tracks,  i.  e.,  86  to  44  in. 

Oh  landing^  constructed  in  the  body  of  the  mine  for  the  reception  of 
empty  and  ftiU  wagons  handled  by  mecnanical  haulage  from  shaft  or  dope, 
and  from  this  point  transported  by  animal  power  to  the  various  workmg 

E laces  in  the  mme,  a  grade  of  about  1)(  in  favor  of  the  loaded  wagons  to  be 
andled  by  the  stock  will  be  found  quite  an  assistance  in  delivering  the 
waffons  to  the  haulage.  The  frogs  and  switches  for  these  landings,  as  well 
as  those  required  at  the  shaft  or  slope,  should  be  formed  of  regular  traek 
rails,  and  can  generally  be  arranged  to  be  thrown  by  a  spring  or  a  con- 
veniently located  hand  lever,  as  has  been  described,  instead  of  being  kicked 
to  position,  as  was  the  custom  at  one  time. 

Besides  these  usual  arrangements  of  shaftrbottom  landix^s,  at  many 
plants  the  natural  fijades  of  the  entries  can  be  taken  advantage  of  in 
designing  convenient  and  economical  methods  for  iianiiung^  the  ndne  oaa. 
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For  instance,  where  the  ooal  is  to  be  hauled  from  the  dip  workings  of  a 
mine  by  some  form  of  mechanical  haulage,  and  a  summit  can  conveniently 
be  arranged  for  in  the  track  on  the  same  side  of  the  'hoistinf  shaft,  at  the 
proper  distance  thereArom,  to  accommodate  the  requisite  number  of  loaded 
wagons  to  be  hauled,  thus  allowing  them  to  run  by  gravity  over,  say.  a 
1^  grade  to  the  shaft,  several  varieties  of  empty»track  arranffements  can  be 
made.  The  most  simple  form  is  to  have  the  empty  wagon  descend  a  short 
grade  of  from  4^  to  5)(  when  pushed  from  the  cage  by  the  succeeding  ftill 
one.  The  momentum  thus  secured  is  quite  sufficient  to  carry  the  car  up  an 
opposing  grade  of  about  1.6^.  It  agtun  descends  on  the  same  track,  and 
Mssing  through  an  automatic  switch,  continues  to  the  empty-car  siding. 
From  this  latter  point  it  is  handled  by  the  regular  haulage  machinery,  and 
in  its  route  passes  around  the  shaft  through  an  entry  especially  prepared  for 
this  arrangement.  A  shaft  bottom  so  constructed  is  very  economical  to 
operate,  requiring  but  few  men  to  handle  the  wagons. 

OccasioniAlly,  ft  becomes  more  expedient  to  have  a  separate  shOTt  haulage 
to  draw  the  empty  wagons  to  the  main  liaulage  when  it  cannot  be  easily 
arranged  to  consmict  a  complete  gravity  landing.  Seyeral  other  modifica- 
tions of  such  a  general  demgn  can  be  made.  All  the  diflierent  devices, 
however,  depend  largely  on  the  local  requirements  of  the  particular  mine 
under  consideration. 

When  endless-rope  haulage  is  employed,  it  is  generally  found  to  be  most 
convenient  to  have  the  lanmngs  for  ftill  and  empty  wagons,  in  the  body  of 
the  mine,  reached  by  switches  off  of  the  main-naulage  track,  the  cars 
coming  on  and  leaving  the  main  track  at  slight  knuckles  introduced  in  the 
track,  In  order  to  allow  a  i)lace  for  the  pa^ng  of  the  rope,  which  then 
moves  along  through  a  short  cut  or  channel  through  the  switch  rails. 
The  flanges  of  the  wagons  pass  over  the  rope  in  this  manner  without  any 
injury  to  It. 

Sarfsot  Trseks  for  Slopes  %ni  Shofts.— The  arrangement  of  the  tracks  on  the 
surfttce  naturally  differs  at  every  mine,  owing  to  the  different  existing 
conditions.  All  snrlkce  roads  should  be  so  arranged  that  the  loaded  cars  can 
be  moved  with  the  least  possible  power,  always  looking  out  for  the  return  of 
tiie  empties  with  as  little  expenditure  of  power  as  possible.  To  secure  the 
running  of  the  loaded  cars  ftom  the  mouth  of  the  shaft  or  slope  by  gravity,  a 
slight  grade  is  necessary,  the  amount  of  which  depends  on  the  friction  of 
the  cars,  which  varies  greatly.  Care  diould  be  take  that  an  excessive  grade 
is  not  constructed,  or  there  wUl  be  trouble  in  returning  the  empties  fix>m  the 
dump  to  the  head  of  the  shaft  or  slope. 

The  tracks  connecting  the  top  of  the  shaft  and  the  tipple  may  be  very 
short,  or  of  considerable  lei:^h,  depending  on  the  conditions  at  each  mine. 
Usually  fh>m  20  to  60  ft.  will  be  sufficient,  although  no  definite  rule  can  be 
given  for  this. 

There  are  two  general  arrangenients  of  tracks  about  the  head  of  a  shaft: 
First,  where  the  loaded  cars  are  removed  from  the  cage  and  the  empty  cars 
placed  upon  it  from  the  same  side  of  the  shaft;  second,  where  the  loaded 
cars  are  removed  ftx)m  one  side  of  the  shaft  and  the  empty  cars  returned  to 
the  cages  from  the  opposite  side  of  the  shaft. 

In  dther  case  there  are  usually  several  empty  cars  on  the  platform  ready 
to  be  put  on  the  cf^es  when  the  loaded  cars  have  been  removed. 

Where  the  conditions  are  such  that  the  loaded  cemi  can  be  run  by  gravity 
to  the  dump,  a  good  plan  is  to  have  a  short  incline,  equipped  with  an  endless 
chain,  in  the  empty  track.  The  empty  cars  can  be  run  to  the  foot  of  this, 
hoisted  by  machinery  to  the  top,  and  thus  gain  height  enough  to  run  them 
back  to  the  shaft  or  slope  by  gravity. 

At  the  Philadelphia  <&  J^^iding  Coal  &  Iron  Co.'s  Ellangowan  colliery, 
where  the  tipple  at  the  head  of  the  breaker  is  above  the  level  of  the  head 
of  the  sliaft,  the  following  plan  is  used:  The  loaded  cars  are  taken  off 
the  east  side  of  the  cages,  and  run  by  gravity  to  the  foot  of  an  incline, 
where  the  axles  of  the  car  are  grasp^by  nooks  on  an  endless  chain 
and  the  car  pulled  up  to  the  tipple.  After  being  dumped,  the  car  is  run 
back  from  the  tipple  to  the  head  of  the  incline,  ana  is  carried  to  the 
ibot  of  the  empty  track  of  the  incline  by  an  endless  chain.  The  foot  of 
the  empty  track  is  several  feet  higher  than  that  of  the  loaded  track,  and  the 
ears  are  run  by  gravity  around  to  the  west  side  of  the  cages,  and  are  put  on 
fix>m  that  side.  The  empty  cars,  as  they  run  on  the  cage,  have  momentum 
enough  to  start  the  loaded  car  off  the  cage  and  on  toward  the  foot  of  the 
incline.    There  are  a  nnmbor  of  hooks  attached  to  both  the  empty  and 
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loaded  chain  on  the  incline,  and  there  are  often  several  loaded  and  seyeral 
empty  can  on  different  parts  of  the  plane  at  once.  This  arrangement 
permits  of  the  hoisting  of  nom  700  to  SOO  cars  per  day  ont  of  a  shaft  UO  yd. 
deep,  with  single-deck  cages. 

Another  excellent  arrangement  for  handling  coal  on  the  surface  is  the 
inyention  of  Mr.  Robert  Ramsey,  and  has  been  adopted  by  the  H.  C.  Frick 
Coke  Co.  and  a  number  of  other  prominent  operators.  A  description  of 
this  arrangement  as  applied  at  the  H.  C.  Frick  Coke  Co.'s  Standiud  Shaft 
is  as  follows:  The  landing  of  the  shaft  is  made  slightly  hinder  than  the  leyel 
of  the  tipple,  which  is  north  of  the  shaft.  South  of  the  shaft  is  located  a 
double  steam  ram,  one  ram  being  directly  in  line  with  the  track  on  each 
cage.  Directly  in  fh)nt  of  the  rams  is  a  transfer  truck,  worked  east  and 
west  by  wire  rope.  The  loaded  car  on  the  cage  is  run  by  gravity  to  the 
tipple,  where  it  is  dumped  by  means  of  a  nicely  balanced  dumping  arran^ 
ment.  As  soon  as  it  is  empty  it  rights  itself  and  runs  by  gravity  alongside 
the  shaft  to  the  transfer  truck,  which  carries  it  up  a  grade  to  a  point  directly 
in  line  with  the  cage  that  is  at  the  landing,  and  one  of  the  steam  rams 
pushes  it  on  the  cage,  and  at  the  same  time  starts  the  loaded  car  off  toward 
The  tipple.  This  second  loaded  car  is  then  returned  by  the  same  means  to 
the  opposite  cage.  The  whole  mechanism  is  operated  by  one  man.  by  means 
of  conveniently  arranged  levers,  each  of  wmch  is  automatically  locked, 
except  when  tne  proper  time  to  use  it  arrives.  It  is  therefore  imponiMe 
for  the  topman  to  work  the  wrong  lever  and  put  an  empty  car  into  the 
wrong  compartment  of  the  shaft.  B^des  the  one  man  at  the  levers,  th^re 
is  but  one  other  man  employed  at  the  tipple,  and  his  work  is  solely  to  look 
after  the  cars  when  dumping.  All  switches  are  worked  automati<»tlly,  and 
the  average  hoisting  at  this  shaft  is  at  the  rate  of  8  wagons  per  minute.  The 
Shaft  is  about  250  ft.  deep,  and  single-deck  cages  are  lued. 

The  Lehigh  &,  Wilkes-Barre  Coal  Co.  has  a  system  in  use  at  a  number  of 
collieries  that  has  also  proven  very  effective,  m  this  system  the  loaded  cars 
are  run  by  gravity  from  the  cage  to  the  dump,  and  the  empties  are  hauled 
from  the  dump  back  to  a  transfer  truck  by  a  nrstem  of  endlesfrrope  haulaee. 
The  transfer  truck  carries  the  car  to  a  point  opposite  the  back  of  uie 
cage.  The  empty  car  runs  by  gravity  to  the  cage,  and  its  momentum  starts 
the  loaded  car  on  the  cage  on  its  way  to  the  dump.  This  system  necessi- 
tates the  employment  of  more  topmen,  but  is  a  very  good  one.  At  the  Not- 
tingham shaft,  which  is  470  ft.  from  landing  to  landing,  from  140  to  150  cazs 
per  hour  are  hoisted  on  single-deck  cages. 


ORE   DRESSING  AND  THE    PREPARATION 

OF  COAL 


CRUSHING  MACHINERY. 

The  object  of  orushini  ore  or  coal  is:  first,  to  free  the  mineral  or  other 
valuable  constituents  from  the  gangue,  slate,  pyrites  (sulphur),  or  other 
worthless  or  objectionable  constituents  so  that  they  can  be  subsequenUv 
separated;  or,  second,  simply  to  reduce  the  size  of  the  individoal  i^eoes  ana 
so  get  the  material  into  a  more  salable  or  convenient  condition  for  use. 

SolootioH  of  a  Crusher.— The  style  of  crusher  employed  is  influenced  by  the 
following  conditions:  {a\  The  amount  of  material  to  be  crushed  in  a  given 
time.  Cb)  The  size  of  tne  material  as  it  goes  to  the  crasher,  (c)  The 
physical  characteristics  of  the  mate^l  to  be  crushed;  that  is,  whether  it  is 
hard  or  soft,  tough  or  brittle,  davey  or  sticky,  (d)  The  object  of  the  emdi- 
ing;  that  is,  whether  it  is  to  ft«e  the  mineral  constituents  or  simply  to  reduce 
the  size  of  tne  individual  pieces.  («)  The  character  of  the  produot  desired; 
uiat  is,  whether  an  approximately  sized  product  is  desirable  and  whether 
dust  or  fine  material  is  objectionable. 

All  crushing  machinery  may  be  divided  into  the  following  classes:  Jaw 
enuhers.  gyratory  cruShers,  cracking  rolls,  disintegrating  rolls,  cmahing 
rolls,  roller  mills,  ball  mills,  stamp  mills,  hammers,  ana  misceUaneoas 
Ibnni  of  crushenk 


csvsBtita  MAcmnEsr. 


with  ]aiT  crnBhen,  the  iDaUrlal  Is  cmehed  between  two  jkwt,  one  or 
botb  being  movable.  AU  jaw  cruBhera  luie  tbe  common  detect  of  Imputiu 
a  considerable  amount  of  vibration  or  shake  to  the  (ivmework  ot  the  bolJd- 


showD  In  Fig.  1.  a  being  a 
Hied  Jan  ana  b  a  movable 

Sw  that  is  operated  by  4 
gglejolnt  and  tbe  pitman 
d  Ifom  a  suitable  crank- 
shaft. The  Jaw  b  Is  hung 
or  pivoted  at  the  top.  The 
advantagta  of  this  Ryle  are 
asfDllows:  The  large pIccM 
of  rock  to  be  cruuied  are 


.  _.r  lever, 
that  the; 


and  the  i 
age  greal 


and  the  purchase  or  lever- 
te  greatest,  so  that  the* 
re  broken  with  the  amall- 


encrgy.    The  movement  of  the 

thus  affording  a  tree  and  rapl 

insuring  a  large  capacity  fire  fli .  _     . 

.i.~.  .1 .  — r.u..^  [J,  (|,g  discharge  opening 


discharge  of  the  material  crushed,  and 
„         .      .  ,  .  machine.    The  principal  disadvantage  is 

i>^  Jie  great  variation  Id  the  discharge  opening  results  In  a  considerable 
□ge  In  the  size  of  Ibe  material  delivered, 
^ils  style  of  crusher  has  fi:iund  a  wide  field  for  breaking  down  material 


TiBLE  or  Blake  CnnsnERs. 


ii 

fl 

• 

j 

Eitreme  Dimenrfona 

i 
1 

260 
250 

1 

lao 

fi 

^i 

Length. 

Brewlth. 

Height. 

1 
1 

inches. 

Lb. 

Lb.       Fl.    In- 

Ft.    In. 

1  i 

Ft.    In. 

ax  u 

Laboratory 

40 

1,200 
4,900 

s.«n 
lalsoo 

16,000 
11,200 

33,000 
85,000 

1       1 

s     e 

0      10 

i  i 

|1 

jox  * 

Rr:::: 

1< 

800 
900 

i 

100 
200 

a 

20X10 
15X30 

Twenty....'.'.'. 

15 
30 

and  preparing  It  tor  other  crushers,  or  for  breaklnK  large  quantities  of  any 
material  where  an  approximate  siring  Is  not  essennal. 

The  0«li«  srusktr.  Fig.  2,  has  a  fixed  Jaw  a  and  a  movable  law  b.  operated 
by  a  cam  on  tbe  Shan  p.  The  movable  jaw  la  pivoted  at  the  bottom,  so  that 
the  minimum  movement  between  the  Jaws  is  at  the  disohargeopenlng.  The 
advonlace  of  this  is  that  the  least  loovement  occurs  at  tbe  discharge  opening. 
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uid  henea  tlu  product  Is  of  a  biiij  onUann  liie,  bo  tbiit  the  cm 
be  luad  U  a  roogb  aixiag  apparatus.    The  dindvuitftgee  are  that 

eMseaofiockluTetobeonubed 
the  QpMi  Mit  or  the  ipacs 
between  (be  um,  vbeie  the 
motion  te  gtwieat  aod  the  pur- 
ehue  or  levenge  least,  thue  re- 
quiring an  ex«eailve  «iiiDunt  of 
power,  eapedallr  when  demllng 
with  bard  material.  KM  move- 
ment of  the  Jaw  at  the  discharge 
opening  Is  bo  much  lew  than 
tn>t  aboTB  that  there  li  danger  g 
of  clogging  or  blocking  the  ma-  ■ 
chine.  espeolallT  when  worMng  ■ 
opon  tough  or  sticky  matr''-'^ 


._^ Pio.2. 

ipadty  of  the  Dodge  a^le 

ihine  it  lem  than  chat  of  the  Blake,    It  is  used  largel;  as  a  lecondarr 
Ltlvely  imall  amoDnts  oi  maleilal  where  an 


orusher.  oc  tor  crujiliig  comparatively  m 
ifipRiiimatel;  ilsed  piodnct  ib  dedced. 


Thb  Dodob  Cbobbsb, 
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Roll-Jvii  Crsldtn.— Fig.  1  is  a  sectional  view  of  a  Smnerant  roll-tew 

crusher.    The  rolling  motion  of  the  jaw  subjects  the  material  to  a  romns 

and  squeeilng  action,  Instead  of  a.  direct  Bqueeie,    The  product  of  thu 

crusher  1b  approilmatel;  alied  a~'* 


maclilne  for  fioe  crushing  neces- 
sarily contracts  the  spaco  tor  dis- 
charge,  and  thenibr  leeaeni  its 
capsclty.  When  set  wide,  or  Ibr 
material  !te>m  I  to  1|  inches  in  slse. 
the  discharge  is  very  free  and  the 
capadly  is  claimed  to  be  greala 
than  that  of  any  other  Jaw  and 
toggle  machine. 

Girttstj  Crsakai*.— Theae  criuh- 
ers.  Fig.  4,  are  all  lane  eap«ctty,  eon- 
l]nuou»«ctlon  cruahera.  a  is  a  ring 
or  hopper  against  Which  the  material 
iscruahed  tnra  conical  head  i%  which 


le  Tecdvlng  hopper  h,  and  Um 


recelTed  »l ^  —  —  , .     _„ _- „, 

or  purchaH  greatest,  thai  reauclng  the  work  neceo^r  in  thl*  Ii«btt 
preliuilnary  crUBhlnK-  Tl)e  relative  mor*- 
ment  betireen  the  cmshliig  memben  lem 
maximum  at  the  digobarge  opening,  Init 
the  amoant  of  this  mortment  Is  an  Rnall 
that  th«  ptoduct  ti  approilmatelr  died. 
The  &ct  that  the  ■""'""""  movement  li 
at  the  point  of  dlDcharae  aaiarc*  a  ftee 
discharge.  There  is  practically  no  shaklni 
lmpail«d  to  the  boUdtng  hj  gyratory 
crushers.  Their  capacity  Uyerygiicat,  anil 
vltb  a  large  site,  material  may  be  dumped 
Into  the  hopper  A  directly  froio  the  oars. 
For  small  capacity  a  gyratory  crusher  Is 
more  eipensTve  than  a  ^w  crusher. 

FrequBDlly,  where  Very  great  amounta 
of  material  are  to  be  orusbed.  large  gyra- 
lory  onuhen  ai«  oaed  as  secondary  crush- 
en  after  jaw  crushers  of  the  Blake  pattern, 
the  disduuB*  from  the  lav  ci 
glDgftom8''tol2"cubes,andI 

fsst    


Grickinf  Rtlli.— This  ts  a  general  tu 
applied  to  rolls  having  teeth,  which 
usually   made    separate   and    inser 


r ^bU6  rock,  etc..  Uie 

}  brtttk  the  material  Into 


act  style  or  dealga  of  the  nill  dependi  lai^y   ( 
D  of  the  coal  tinder  I — ' •     ' • •'■ 


phykcal  condition  of  the  coal  under  treatment.  In  most  case*,  the  tolla 
are  constracted  with  an  Iron  cylinder  having  steel  teeth  Inserted,  the 
size,  spadng.aitdtormof  the  


from  21  to  36  In.  In  face  I 
width.  The  teeth  of  the 
larger  sizes  are  (tvm  S  to  at  I 
In.  high,  and  of  the  smaller 

The  average  practice  In 
the  anthracite  regions  of 
Pennsylvania  Is  to  give  the 
points  of  the  teeth  a  speed  of  I 
about  1X00  ft.  per  minute, 
though  the  speed  In  dUUbrent 
cases  varies  from  7IW  to  1,200 
ft.  per  minute.  One  of  the 
largest  anthracite  companlei 
has  a  standani  roll  speed  ot 
97,S  R.  F,  U.  tot  the  main 
«.11h  and  124.B  B.  P.  M.  for 

the  pony  rolls.    The  harder  '"'•  "■ 

the  coal,  the  futer  the  rolls 

can  be  run.  If  ran  slow  and  overcrowded,  the  rolls  will  make 
than  when  driven  at  a  projieT  speed.  One  advantage  of  con 
Ikst  driven  rolls  Is  that  the  higher  speed  has  a  tendency  to  fre 
by  throwing  out,  1^  centrifugal  Ibice,  any  material  lodged  be 


r 
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teeth.  In  one  test 
it  was  found  that 
leas  fine  coal  was 
produced  at  800  ft. 
per  minute,  but 
that  the  rolls 
blocked  at  this 
speed  and  hence 
had  to  be  driven 
1,000  ft.  per  minute. 

In  one  case  a 
pair  of  main  rolls 
24  in.  in  diameter, 
86  in.  fieice,  running 
at  1,000  ft.  per  min- 
ute, handled  2,500 
tons  of  coal  in  24 
hours.  A  pair  of 
19"  X  24"  main 
rolls  run  at  1,000  ft. 
per  minute  handled 
auo  tons  mine  run 
in  10  hours. 

A  well-known 
maker  of  rolls  for 
crushing  bitumi- 
nous coal  gives  a 
speed  of  100  to  150 
K.  P.  M.,  according 
to  the  output  re- 
quired, for  rolls  24 
in.  in  diameter  and 
83  in.  long.  As  a 
rule,  cracking  rolls 
are  never  run  up  to 
their  fUll  capacity, 
as  is  the  case  wim 
cru^^ng  rolls. 

The  Jform  qf  the 
teeth  varies  greatly, 
but,  as  a  rule,  the 
larger  rolls  have 
stra^ht  pointed 
teeth  of  the  spar- 
row-bill or  some 
similar  form,  Fig.  6 
o.  The  old  curved, 
or  hawk-billed, 
teeth,  Fig.  6  b,  have 
uuw  gone  almost 
Vk  holly  out  of  use. 

On  small  sized 
rolls,  rectangular 
teeth  with  a  height 
equal  to  one  side  of 
the  square  base  are 
frequently  em- 
ployed, and  th^se 
may  be  east  in  seg- 
ments of  manga- 
nese or  chrome 
steel. 

Corrugated  rolls 
have  teeth  or  cor- 
rugations extend- 
ing their  entire 
length.  They  were 
first  introduced  by 
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Hi.  E.  B.  Cos^  Bt  DfiftOD.  P>.,  but  they  bav*  not  coma  into  niMntI  lua 
owing  to  the  bet  tlut,  while  Ihejr  biok  aoi&e  coal  fiUilr  well.  In  mo« 
ouea  it  baa  been  lOund  that  a  contlnuoiu  edge  cauaea  too  mach  dlaint*- 
(tBiliOD  bJoqs  its  lenglli,  wlille  a  point  wlila  llie  coal  into  three  or  (but 
Dl«cei  only,  all  the  cracka  radlatlD^  from  the  place  where  the  point  nrlkei^ 
u  produclDg  rer;  mnch  le»  culm.  Anotlier  advaatase  fonemnA  by  the 
itbed  Tolli  &  that  If  an^^thlng  hard  panes  thnnigh  the  oorrogated  roll 


li  mined,  while,  la  the  eaae  of  the  footbed  rolli,  anjr  oi 
of  the  teeth  may  be  icplaGed. 

Dlilflteintlni  rolli  iid  pilaarluri  are  lometlmeB  uaed  to 
rednoe  conag  ooal  lo  the  alie  of  com  or  rice  befbre  Intro- 
ducing It  into  the  ovena.  One  loll  la  dilTenal  double  the 
speed  of  the  othec.  tlie  slower  roll  acting  as  a  ibed-roll,  and 
theotberuadiBinl«Tator.  Tbe  alowet  roll  la  commonly 
driven  at  from  1,800  to  3.000  ft.  per  mlnate  periphenQ 
■peed,  and  the  fester  roll  at  ttam  S.tOO  to  4,000  It.  per  mi- 
nute. The  teeth  are  always  Ane,  rarely  being  over  t  In. 
blgh.  Id  »me  CBses,  tbe  Inner  roll  la  provlaed  with  a 
serlea  of  saw  teeth  from  )  In.  lo  |  In.  high  and  having 
aboat  I  In.  pitch,  tbe  ladividual  leetb  bdng  set  bo  u  to 
form  a  slight  Bplral  about  the  body  of  the  roll.  The  other 
roll  la  provided  with  teeth  having  their  greatest  dimension 


^ 


FiQ.  a." 


■J  tend  to  crosi  the  teeth  on  the  oppo^te 


roll.  These  teeth  are  also  aet  ho  aa  to  form  a  alight  spiral,  and  thus  u  _  — 
blocking.  In  other  cbmb,  tbe  teeth  on  both  rolls  are  act  In  the  Ibrm  of 
quite  a  sleep  aplnil. 

Hammtra.— For  the  reduction  of  coal,  crushers  employing  bammera  have 
been  naed,  Mg.T.  Tbe  crushing  chamber  la  usually  oPs  circular  or  barrel  form, 
and  the  erushlng^le  done  h}  means  of  hammers  pivoted  about  a  central  shaft. 
These  awing 
broken.   W^ 


erushlne  le  done  by  means  of  hammers  ^voted  about  a  central  i 

ning outby centrlAigal  force  and  strike  blowa  apou  the  coal 

When  It  is  reduced  sutBclently  floe,  it  Is  discharged  through 


le  dlalnlegrallng 
_.  ._.  _  _  0.  S  pulveSzer  ol 
this  type  win  cruab  JiO  to  7& 

down  to  i  in.. or  It  will  cruali 
100  tons  pet  hour  of  slack. 
Such  a  machine  occuplee 
about  S  sq.  ft.  of  Boor  space 
and  requirea  25  to  30  H.  F.  to 

f  Criihlni  Rsllt.— The  prin- 
<  clpal  representative  of  this 
type  of  machine  is  the  ordl- 
nairy  Corolah  roll  having  a 
fclrly  Hide  face  and  rather 
small  diameter.  The  diam- 
eter of  these  rolls  woa  kept 
down  for  a  great  many  years 

tbe  ohliled  oaat-lron  shelU 

could    not   be   obtained    In 

large  slaes  and  were  e»pen- 

ip.„  1  alve  and    hard   to    handle. 

""■  '■  WiththeodventoftheroUed- 

Bteel   shells,  it  became  possible  to  employ  larger  dlamelera  and   higher 

speeds.    Rolls  of  the  Comiab  type  vary  fTom  4'' face  and  9"  diameter  to 

IS"  fhce  and  43"  diameter.    The  distinctive  feature  of  the  Cornish  roll 

is    a    comparatively    wide    fece    compared    with   tbe    diameter,    and   a 

— "-—   slow  peripheral    apeed.     Many    of  tbe  modem  Cornlah  rolls  an 

■     -h  rofted-r--  -^ ■- ' — -"  '- — 


crushing,  owing  to   the   fact  that  these   shells   a 


provided  with  rolled-steel  sheila,  especially  when  employed  for 

r  before   being 
'o"guBnr^ainst  ttie  bending  of  the  roll 
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shaft  or  breaking  of  the  machine  in  case  any  hard  material  (sach  as  a  piek 
or  hammer)  gets  between  tne  rolls,  one  roll  is  mounted  in  a  moTable 
bearing  and  kept  in  place  by  a  compressed  spring  washer.  This  washer  is 
oompos^  of  two  plates  between  which  are  placed  one  or  more  steel  springs. 
The  plates  are  kept  together  by  several  small  bolts,  which  are  screwed 
ap  so  as  to  compress  the  springs  to  a  certain  desree.  Then  the  entire 
arrangement  is  employed  as  a  washer  on  the  rod  that  keens  the  rolls 
together.  Should  tne  pressure  exerted  on  the  rolls  exceed  that  already 
exerted  in  the  spring,  the  plates  would  be  brought  nearer  together  and  the 
roll  allowed  to  move  back  and  pass  the  hard  substance,  but  at  any  pressure 
below  this,  the  roll  acts  as  if  placed  in  a  fixed  bearing. 

Cracking,  corrugated,  and  disintegrating  rolls  are  usually  provided  with 
breaking  pieces  back  of  one  of  the  rolls,  so  that  in  case  any  extra  hard  piece 
passes  through  the  rolls,  the  breaking  i;^ece  will  give  way,  allowing  the 
rolls  to  move  back  and  thus  prevent  the  bending  of  the  shaft  or  breaking 
of  the  machine  itself.  Compressed  spring  washers  have  never  come  into 
general  use  in  connection  with  this  style  of  machinery. 

Amount  Crssked.— The  amount  of  material  that 
can  pass  betwe^i  any  pair  of  rolls  is  proportionate 
to  the  nu  mber  of  square  feet  of  roll  surfoce  passinr 
per  minute;  hence,  the  capacity  may  be  increased 
by  keeping  the  foce  width  the  same  and  in> 
creasing  me  speed,  or  the  same  capacity  may 
be  obtained  by  reducing  the  fistce  and  increasuig 
the  speed. 

According  to  Stutz  (A.  I.  M.  E.  IX,  page  464). 
if  the  distance  between  the  contact  points  of 
the  material  with  the  rolls  be  t,  Fig.  a,  the  dis- 
'  tance  between  the  crushing  fiice  of  the  rolls  w, 
the  angle  a,  as  shown  in  the  figure,  and  R  the  radius  of  the  roll,  then 

p  _  <  — 10  t  —  w 

~  2  vers,  sin  a  ™  2(1  —  cos  a)* 
According  to  Pemolet,  the  amount  of  material  that  may  be  crushed 
by  a  pair  of  rolls  in  a  given  time  is  eOual  to  one-fourth  or  one-fifth  of  a 
band  or  layer  whose  length  is  the  circumference  of  the  roll  multiplied 
by  the  number  of  revolutions;  whose  width  is  the  length  of  the  rolls, 
and  whose  thickness  is  equal  to  the  space  or  distance  between  the  rolls. 

Or,  Q  =  — 2 — »  where  d  =  diameter  of  rolls;  »  =  3.14;  n  —  number  of  revo- 
lutions in  the  given  time;  I  =  length  of  rolls;  to  =  space  between  rolls; 
and  i  s  coefficient,  to  allow  for  the  irregular  feeding  of  the  material  and 
the  space  between  the  pieces. 

The  Denver  Engineering  Works  gives  the  following  formulas  for  the 
capacity  of  crushing  rolls: 

T  «  tons  per  hour;  R  =  rev.  per  min.;  S  =  mesh  (inches). 

For  14"  X  27^  rolls,  T  =  7.725  R8. 

For  16"  X  36"  rolls,  T  =  11.776  RS. 

For  12"  X  20"  rolls,  T  =  4.9  RS. 
Speeds.— The  pressure  on  the  bearings  necessary  to  crush  ore  depends 
directly  on  the  face  width,  and  hence  if  the  capacify  can  be  kept  the  same 
and  the  £Eice  width  decreased,  it  is  evident  that  there  will  be  less  pressure 
on  the  bearings  and  less  loss  in  friction.  The  difficulty  of  keeping  the 
bearings  cool  when  crushing  hard  rock  with  the  old  Cornish  rolls  h^  led 
to  the  adoption  of  high-speed,  narrow-faced  rolls  for  certain  classes  of  work. 
One  objection  to  running  the  small  diameter  rolls  &st  is  that  the  larger 

Sieces  of  ore  have  a  tendency  to  dance  on  the  face  of  the  rolls  rather  tlutn 
>  be  crushed,  while  the  bite  is  better  when  the  speed  is  slower. 
The  advantages  of  high-speed,  narrow-faced  rolls  are:  greater  capacity 
for  a  given  bearing  pressure;  less  loss  of  power  from  friction;  less  tiiLt%tAng 
of  the  ore  on  the  roll  £Eice,  owing  to  the  fact  that  the  angle  of  approach 
between  the  surfaces  of  large  rolls  is  more  acute  than  with  rolls  of  a  small 
diameter.  High-speed,  large-diameter  rolls  will  handle  coarser  material  and 
hence  make  a  greater  range  of  reduction  than  small-diameter  roll&  The 
disadvantage  of  high-speed  rolls  is  that  they  tend  to  hammer  and  pulverise 
the  ore,  so  that  with  very  brittle  minerals  a  high  speed  may  be  detrimental. 
In  general,  it  may  be  stated  that  for  crushing  to  any  definite  sice  with  the 
lowest  possible  production  of  very  fine  material,  rolls  are  the  best  form  ol 
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machinery  on  the  market.    Fbr  fine  croBhing  of  brittle  material,  <iiiite  dow 
speeds  may  give  the  best  results. 

The  accompan3ring  table  fflves  some  facts  in  regard  to  the  cmshing-roll 
practice  of  several  manuftiomrers,  the  data  having  been  taken  fixim  their 
catalogues  or  other  informktion  Aimlshed  by  them. 

Cbushing  Rolls. 


Name. 


Frazer  &  Chalmers. 


Frazer  &  Chalmera.. 


Earle  C.Bacon. 


Sturtevant  Mill  Co. 


E.P.  AllisCo. 


E.  P.  AlllsOo. 


Colorado  Ironworks 


Colorado  Iron  Works 


Denver  Engineering 
Works  Co. 


Gates  Iron  Works  .... 


Size. 
Inches. 


24X8 
86X16 

44X6 
56X8 


16X3 
27X6 

20X12 
26X14 
80X14 
36X14 


20X12 
27X14 
36X16 
40X16 

36X6 
42X6 
64X8 

20X12 

to 
36X16 

9X4 
26X15 
86X15 


Peripheral 

Speed  in 

Ft.  per  Min. 


600-1,600 

2,200-2,800 
1,000 
3,000 

800 

1,886 
600 

2,100-2,800 
350-100 
470-860 


Spring  Pres- 
sure inXib.  per 
In.  of  Face 
Width. 


4,000  for  hard 
quartz. 


4,000  for  hard 

rock. 

4,800  for  very 

hard  rock. 


3,500^600 


2,266-8,833 


Character  of 
Rolls. 


Cornish. 

Narrow  face, 
highspeed. 

Cornish. 

Special  cen- 
triAigal. 


Cornish. 


Narrow  face, 
high  speed. 


Cornish. 


Narrow  face, 
highspeed. 


Cornish. 


Cornish. 


The  (lates  Iron  Works  has  fUmished  the  following  formulas  relating  to 
crushing  rolls,  in  which  D  ■■  diameter  of  roll  in  inches;  N  =>  number  of 
R.  P.  M.;  £f  =«  maximum  size  of  ore  cube  in  inches  fed  to  the  rolls; 
9  »  maximum  size  of  cube  for  a  given  diameter  of  roll. 

1      16 

^  =  f  XW    5^=  0476X2). 

It  will  be  seen  firom  the  first  of  these  formulas  than  i\r  is  an  inverse 
function  of  8y  which  agrees  with  the  results  shown  in  the  is'evious  diagram. 
As  a  rule,  it  is  best  not  to  try  to  run  rolls  up  to  the  maximum  size  that  they 
will  crush,  but  to  feed  smaller  material  to  tnem. 

The  Denver  Engineering  Works  Company  has  fiimished  the  diagram, 
Fig.  9,  and  formulas  relating  to  rolls.  This  diagram  serves  very  well  to 
iUustrate  the  &ct  that  small  rolls  do  not  grip  or  crush  large  pieces  as  well 
when  running  at  comparatively  high  peripherlal  speeds  as  when  running 
at  slow  speeds.  In  the  case  of  the  10"  X  16"  roll,  a  difference  of  from 
V  to  V'  cube  size  made  a  difference  of  20  R.  P.  M.  in  order  to  obtain  the 
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moflt  effldcdve  croshingr  speed,  and  the  diflbrence  between  ^'  and  ¥'  cube 
edzes  made  a  difflBrence  almost  as  great.  It  will  also  be  noticed  that  the 
larger  diameters,  as,  for  instance,  the  42"  roll,  are  not  so  greatly  affected  by 
this  cause,  owing  to  the  &ct  that  the  effective  or  crushing  angle  between  the 
rolls  is  much  more  acute  than  in  the  case  of  the  smaller  diameters. 


dj»  aA  d.i  i^J  oA  A7  iiA  U  £40id  £m 

S*ef  QfOreFatttoffot/s  -fnefns. 

Fig.  9. 


ORUSHINQ    MILLS. 

Radial  Roller  Mills.— In  this  tyi>e  of  mill,  the  crushing  is  performed  on  a 
ring  or  die  by  a  series  of  heavy  rolls  pressing  on  it  by  gravity.  In  some 
cases,  the  rolls  travel  around  on  the  die  and  in  others  tne  die  travels  in 
relation  to  the  rolls.  Fig.  10  represents  one  form  of  Chilian  mill  that  is  the 
leading  type  of  this  class. 

The  peculiarity  of  the  grinding  action  of  the  radial  rolling  mills  is  that  it 
is  not  a  pure  crushing  action,  but  a  triturating  or  grinding  action  as  well, 
owing  to  the  fact  that  while  the  different  portions  of  the  face  of  the  roll  are 
all  traveling  at  the  same  speed,  the  outer  portions  have  to  travel  over 
a  greater  length  of  ring  than  the  inner  portions,  so  that  there  is  only  one 
line  along  which  true  crushing  action  occurs.  Some  manufkctur^rs  have 
made  the  crushing  ring  and  the  rollers  both  with  coning  fttces,  the  vertices 
of  both  cones  meeting  at  a  common  point.  This  has  resulted  in  a  true 
crushing  action,  but  for  some  dasses  of  work  the  triturating  action  is  to  be 
preferred,  as,  for  instance,  in  the  grinding  of  silver  ores  for  the  patio  process 
of  amalgamation. 

Centrifaial  Roller  Mills.— In  centrifhgal  roller  mills,  the  crushing  is  acoom- 
pliKhed  between  rapidly  moving  rolls  and  the  inside  of  a  stationary  die  or 
ring.  The  Huntington  mill,  Fig.  11.  is  one  of  the  principal  representatives 
of  this  class  of  machinery.  The  rollers  c  are  supported  from  bearings  t  and 
are  carried  rapidly  around  by  means  of  the  frame  a  and  the  shaft  g.  The 
ore  is  crushed  against  the  ring  d.    In  order  to  prevent  the  accnmnlatlon 
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Of  ore  below  the  rollen.  and  lo  Oinw  It  oat  Rir  cnuliing,  ■cnpen  /  ue  pro- 
vided.  The  cnished  ore  dlrchitrgee  throuf^  •cr««DB,  u  ibowD  la  the  lilaii- 

tratloQ.    ThetB  An  many  styles  of  this  Clara  of  machini —  ' — ' —  -*'" ■ 

numbeia  of  roUeri,  Y»rytng  ft 
iluced  combining  a  portion 


must  be  driven 

keep  them  in  contact 

accompllehed  between  the  balls  and  the  race  or  track.  The  aerkiuB  objec- 
tion lo  tbla  Clara  of  ball  mills  Is  found  In  tbe  uneven  wear  of  both  the  balls 
and  the  race,  so  that  the  worlc  soon  t>econiea  unevenly  distributed,  and  also 
In  the  foct  that  the  balls  cannot  be  used  aftei  the;  have  been  worn  lo  a 


slight  eiten 

In  the  a 


of  machines  the  balls  aM  Introduced  Into  a  large 

baiiel  or  chamber,  where  they  roll  over  one  another,  tbe  ore  being  cru«h»3 
between  the  ditferenl  balls  and 
between  the  balls  and  the  lin- 
ing of  the  chamber.  In  this 
style  of  machine  the  crushed 
material  may  be  discharged 
through  openings  In  the  per- 
iphery or  througb  opeiklngs  In 
one  end  of  the  liarrel.  One 
great  advantage  with  this  style 


mill  is  that  (he  balh 
onl; 


id   It  Is 

hdMto 

for  the  wear  of^  thi 


STAU  rs. 

Grtdt)  tlimvi  are  especially 

well  suited  for  material  the 

Fia.  11.  valuable  portion  ofwhlchdoes 

,  not  have  a  tendency  to  allme. 

The  (bet  that  these  stamps  are  very  simple  In  construoUon,  easy  to  (ranaport 

and  erect,  as  well  as  to  operate,  gives  (hem  a  decided  advant^e  over  otbei 

Ibrms  of  cnishen.    Fig.  12  llluatratas  a  10-slamp  battery  of  the  gravity  type. 
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Ftg.  I3ii  ■  det^  of  the  mortal  itaiiip bead!  KD 

onaraUablefbimdatloaottlmbenlalid  tliB 

■Mmrai,  whlchftieiecui«db;meaiuof  UperedjolnUtoi 

A.   TlieiteinBcareaHacbcdlollieheadBAaadthe  wholelifted  bf  the  cunt 

(Bhown  in  detail  In  Fig.  12)     "*■ ' —  • ' *•— ~ 

M  diown  In  Ftg.  12.    Aa  tl 

not  onlf  lifla  the  itomp,  but  dree  _ , 

on  both  the  <tamp  and  die.   The  ore  1>  fed  In 

the  cnUhed  matenal  dlaehanedt" '~  "" 

13.   Uniallr  a  aln^  tereea  at  the 

more  upon  difibient  ifdea  oTthe , 

(tee-mtlliDB  gold  oree  In  which  the  gold  oocnn  In  rather  lane  er^iu  fre- 
ftont  iron  p^lea,  the  CUtfornia  Kyle  of  batterv  waa  developed,  the  ctiarac- 
toietlci  of  which  aie  a  imaU  drop  U  in.  to  flln.).  low  di«eliais«  {*  in.).  > 
heaw  rtainp  (TfiO  to  1,000  lb),  and  a  blah  apeed  oi  nnmbei  of  drops  per  mlD- 
nte  (90  to  lOft).  The  advantage  of  thu  itfle  ie  m[4d  cruahttw,  bat  Uie 
majpritr  ot  the  gold  had  to  be  aared  on  aiaon  plates  outside  tlie  mortar. 

Foi  working  ores  that  eontaln  large  qnantltieB  of  iron  pyritw  with  the 
gold  valnea  occarring  in  tlie  cleaTage  planes  of  the  fmnm,  the  Otipbi 
Count]/,  Colo,,  style  <^  tottery  was  developed.   This  Is  chaiactcriied  by  ■ 


rives  a  pu^  rotation,  thus  equalizing  Um  w 

ftoni  Is  employed,  bat  s 

'—  may  be  inizoduced.   For  Inatlng 


high  drop  (IS  to 
nlln.).«l«itB 
a  comparatively 


..       „ ,__ _  lb.),  and 

a  comparadvely  slow  rate  of  drop  (ad  pei 

mlnate).  With  this  style  of  bettrar,  most 
of  the  gold  WIS  obtained  □□  amalgaiiuted 
plates  In  the  battery,  but  lis  use  was 
accompanied    by  eiceialre   »llin<ng   en 


account  of  th 


Ivei  ft  good  spluh  and  mtixtac- 

t  1,  &,  2,  4,  S  li  ilM  eitensiTelr 
ir  dropa  in  uae,  but  the  two  )uM 

in  aa  1,  ;,  3,  9,  5,  Z,  8,  4. 10,  6.  with 
Vhlle  1,  G,  e,  7.  B,  i,  6, 10,  S,  4  snd 

Jrope  abo 

Wi£  doul 


It  drop  produoea  a  good  apluh. 


et.  a  ^oe,  boia,  or  lappet  la 


•  of  iron  or  steel.  In  moat  mUK 
1  la  an  Important  Item  In  the  coat 

replaced  those  of  Iron.  UirouH 
I  and  have  proved  auperior.  In 
used.  The  Iron  dies  wear  more 
o.  The  life  Is  about  21  lo  S  timet 
<ut  twice  as  great  as  those  of  ]n>n. 
■  ateel  ahoes  and  dies)  with  Itod 
itably  loneei  than  those  of  puie 
!d  where  there  la  no  other  d!n»- 
f  want  or  local  faculties  fur  file 
!■»  the  old  Iron  ahoea  and  dies  aia 

per  lb. 

relation  to  the  welgbla  of  Itie 
hoea  made  for  Btampa  of  850  to 
istire  about  9  In.  In  diameter  b* 
.  long,  with  a  taper  Co  correspona 

ron  shoes  are  usually  from  15  to 
e  chrome  steel  dies  weigh  ftom 

the  above  dlmenatona  ore  i»ed) 
h  a  rectangular  fool-plate  lUin. 

weigb  from  20  to  26  lb.  leaa  than 

many  conditions  that  affect  the 
K  le,  the  hardness  of  the  rock,  tta« 

stamp,  the  manner  of  feeding 
It  from  30  to  47  days.  Old  aboei 
iiess,  and  weigh  about  3S  or  10  lb. 
n.  In  thlcknesB,  and  weigh  from 
■.el  in  shoes  and  dlei  depends  on 

„. .jndlllona  being  the  —■ "=  "~"i 

depend  on  the  coaraeness  of  Uie  atampltig  and  the  heiEht 
Lilea  west  len  rapidly  than  the  shoes,  as  Ih^  are  protected  by 
and  the  pulp,  which  coreis  them  to  uie  depth  of  mini  l|  to  Sli 
(he  actual  near  of  r"~  '-  '—  "— •  •■—  -'  ■■•-  -■■ —  ■^-  "' 

la  aborter  than  tha.  „. , . 

several  Inches  greater  length  of  wearing  part  tnan  itie  dies,  'ine  con- 
■ampHoD  of  Iron  toi  shoes  and  dies  per  ton  of  ore  crushed  is.  In  California, 
from  It  to  3  lb.  To  obtain  the  maximum  crushing  capacity  of  the 
battery,  the  dies  must  be  kept  as  high  (with  reference  to  the  lower  edge 
of  the  screena)  as  la  compatible  wlih  the  safety  of  the  screens  and  with 
BUCGesefUl  amalgamation  In  the  battery.  To  prevent  the  pounding  of  Iron. 
It  le  necessary  to  preserve  more  or  less  uniformity  In  the  level  of  the  dies. 
Should  one  die  In  the  battery  prolect  much  above  the  others.  Utile  or  no 
pulp  would  remain  upon  It,  and  tne  shoe  would  consequently  drop  upon 
the  naked  die. 

CiiH,  Stinp  Htili,  iHd  atiin).— Cams  and  atamp  heads  ought  to  last 
■ereral  years.  They  are  usually  broken  through  careleBflnesa.  The  etema 
break  al  the  socket  of  the  stamp  bead.  Stems  are  reversible;  when  broken, 
they  may  be  awedged  or  planed  down  and  additional  lengths  welded  on 
when  neceasaiT, 

TBPMt>'~^en  there  Is  much  greaae  on  the  tappet  or  earn  or  when  tha 


the  Ihlckneai. 

.  In,    But  while 

thui  that  of  the  ahoea.  the  life  i 
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tappets  have  so  worn  that  the  face  of  the  cam  strllces  a  grooved  instead  of  a 
level  face  on  a  tappet,  the  rotary  motion  is  greatly  impaired.  Tapp>ets  last 
for  several  years,  from  4  to  5  years  being  their  usual  life.  Sometimes  they 
are  broken  by  being  tcb  tightly  keyed.  When  their  faces  are  worn,  they 
are  planed  down.  They  are  revernble,  so  that  when  one  face  has  been 
worn  as  far  as  possible,  the  other  face  is  placed  downwards.  They  are 
usually  of  steel,  and  weigh  about  112  lb.  when  900-lb.  stamps  are  used. 

Bttttry  Wsttr.— The  amount  of  water  fed  to  the  battery  depends  on  the 
character  of  the  ore  and  the  size  of  the  screen.  Clayey  and  highly  sulphu- 
reted  ores  require  the  maximum  amount  of  water.  The  amount  of  water 
used  per  ton  of  ore  stamped  varies  from  1,000  to  2,400  gallons.  The  mean 
amount  used  per  ton  of  ore  stamped  is  about  1,800  gallons.  From  I  to  li 
miner's  inches  per  battery  should  be  provided.  In  winter,  when  the  battery 
water  is  chilly,  it  should,  when  possible,  be  heated  to  tepidity,  as  this  pro- 
motes amalgamation.  A  high  temp^ature  should  be  avoided,  as  it  renders 
the  quicksilver  too  lively. 

Daty  of  Stamps.— The  capacity  of  gravity  stamps  varies  f^m  a  little  over 
1  ton  per  stamp  for  24  hours  to  as  high  as  4  tons  i)er  stamp  for  24  hours, 
depending  on  tne  quality  of  the  ore.  Usually,  an  average  of  from  1.7  to  2 
tons  per  namp  for  24  hours  in  a  combination  mill  would  be  good  practice, 
while  where  the  ore  is  crushed  to  a  rather  coarse  screen  and  the  tailings 
treated  with  the  cyanide  process,  a  larger  capacity  is  usually  obtained. 

The  number  of  tons  of  ore  crushed  per  stamp  depends  chiefly  on  the 
weight  of  the  stamp,  the  number  of  drops  per  minute,  the  height  of  drop, 
the  n^ght  of  discharge,  the  size  of  the  screens,  the  width  of  the  mortar,  ana 
chiefly  on  the  character  of  the  ore.  Hard  ores  and  ores  of  a  clayey  nature 
(from  the  difficulty  experienced  in  discharging  the  clayey  pulp)  decrease 
the  duty  of  the  stamps.  About  2i  tons  per  stamp  in  24  hours  is  the  average 
duty  of  the  stamp  in  California.  The  discharging  capacity  of  a  mortar 
depends  on  the  height  and  size  of  the  discharge  opening,  the  character  of 
the  screen,  and  the  width  of  the  mortar  discharge,  as  will  be  illustrated 
from  two  well-known  mills. 

The  Homestake  Mill  uses  an  850-lb.  stamp  dropped  9  in.,  85  times  per 
minute,  developing  78,080.000  ft.-lb.  in  24  hours,  and  crushing  4^  tons  of  rock, 
or  1  ton  for  every  17,340,000  ft.-lb.  developed. 

The  Caledonia  Mill  uses  an  850-lb.  stamp,  dropping  12  in.,  74  times  per 
minute,  crushing  3.3  tons,  of  rock  and  developing  90,576,000  ft.-lb.  in  24 
hours,  or  1  ton  to  every  24,447,272  ft.-lb.  developed.  Although  developing 
more  foot-pounds  in  24  hours,  and  therefore  seemingly  more  efficient,  yet  it 
crushes  less  rock  than  the  former.  The  reasons  for  this  are  (1)  that  the  rock 
is  harder  than  that  of  the  Homestake;  (2)  the  width  of  mortar  is  16  in. 
against  13*  in.;  and  (3)  the  2"  recess  for  the  8"  copper  plate  below  the  feed. 
On  the  other  hand,  the  Caledonia  has  a  lower  discharge  from  the  mortar, 
using  6  in.  against  10  in.  in  the  Homestake;  but  this  advantage  is  again 
neutralized  by  a  smaller  screen,  the  Caledonia  using  258  sq.  in.  against 
376  sq.  in.  of  the  Homestake. 

Horttpowtr  of  Stamps.— The  H.  P.  of  a  stamp  battery  = 

No.  of  stamps  Xwgt.  of  each  stamp  x  No.  of  drops  per  min.X  drop  of  each  in  in. 

12X33,000 

The  weight  of  each  stamp  is  equal  to  the  sum  of  the  weights  of  the  stem, 
tappet,  stamp  head,  and  shoe.  To  the  nominal  H.  P.  add  2d)(  for  faction  of 
machinery  in  calculating  driving  H.  P. 

Cost  of  Stamping.— The  cost  of  stamping  varies  from  a  little  over  fl.OO 
per  ton  up.  The  Montana  Co.,  Limited,  operating  a  60-8tamp  combination 
mill,  in  1888  treated  40,530  tons  of  ore  at  S1.13  per  ton.  In  Australia,  stamp- 
mill  costs  have  been  reported  varying  from  SI  .30  to  $2.50  per  ton  where 
fairly  favorable  conditions  for  working  could  be  obtained.  Figures  flrom 
other  districts  compare  favorably  with  these,  but  it  would  be  impossible  to 
give  any  absolute  rule  by  means  of  which  the  cost  can  be  determined  in 
advance,  without  an  intimate  knowledge  of  the  character  of  the  ore  and 
the  local  conditions. 

Pntumatio  Stamps.— This  is  a  name  given  to  a  form  of  large  capacity 
power  stamp,  the  head  of  which  is  connected  to  a  piston  in  an  lur  cylinder. 
The  cylinder  is  raised  and  lowered  by  power,  the  air  forming  an  elastic 
connection  by  means  of  which  the  stamp  is  operated.  They  are  quite 
extensively  employed  in  crushing  tin  ore,  but  have  never  come  into  genial 
ise  for  other  purposes.    The  capacity  is  as  high  as  30  tons  per  24  houn. 
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U>  oper&te  by  power  like  m,  trip  luiinm«r,  or  in  whlok 
inectcd  dlrecllf  lo  the  ormnkt  operatiiig  tbem  by  meuu 
sa\s  all  of  these  romu  h&Te  faded  on  acoount  ot  exoes- 


of  spring  ]ol!itt,    Neatlj  _ 

live  wear,  anull  c»pBoity,  and  the  large  amount  of  power  < 

Stun  Stampi.— The  large  capacity  iteam  ftamp,  whlcb  waa  evolved  in 
connection  wfth  the  ooncentiafliHi  of  the  Lake  Superior  copper  otea,  con- 
sist of  a  Bleam  cylinder  In  which  opeiatea  a  plitOD,  to  the  stem  of  which  the 
Uamp  head  is  dlrectlv  ooDnecled.  Madiluea  of  this  Myle  are  uiually 
made  very  large  and  heavy,  trequently  extending  tbraugh  two  or  three 
■torieaor  iheioill,  aiid  havUig  a  capacity  eaulralenl  to  from  fiO  lo  lOOonll- 
nary  gravity  Btamps.    In  moM  fOmu,  live  Meam  Is  admitted  on  lop  of  the 

ElUou  during  the  descent  of  the  atamp,  thus  IncreaaloK  the  force  of  the 
low.  For  UiUdk  the  stamp,  the  gleam  b  throttled  eo  that  a  lower  prcoure 
Is  employed.  The  discharge  1>  UBuallj  through  a  coarse  acieen,  f'  to  f 
meah  not  being  uncommon.  One  Inlerttting  fict  oonneetod  with  the  large 
■team  stamps  la  that  their  heavy  blows  do  not  caQse  as  excessive  sliming  at 
the  lighter  gravity  stamps,  and  on  titU  aocount  this  form  of  atsmp  liae  been 
Introduced  In  some  casei  torcruslilng  ftee-mllling  gold  — 
For  progpecling  work,  tor  lesUng  properties,  or  lor  o 
"  '     IS  of  portabl 


ipecling  work,  tor  lesUng  properties,  or  for  operating  small  pnip- 

. — , ,  ^.._^.  ^  portable  or  Mmiportable  steam  Btamps  have 

few  ycais.    One  ot  theae  (the  Tremaln)  Is  lllna- 


trated  In  Fig,  IJ.  In  this  fOmL  tnro  piston*  work  in  cyliii- 
ders  side  by  side  and  strike  alternate  blows  in  a  common 
mortar.  The  steam  la  intrtiduced  at  nill  boiler  preaaure  on 
the  lower  aide  of  the  oyilnder,  which,  owiniE  to  the  large 
diameter  of  the  platon  rod,  has  a  small  area.  Tbla  high  prea- 
aure Bleam  la  then  allowed  to  eipand  on  to  the  top  of  the 
pIMon.  thus  urging  it  down  with  greater  force  than  ita  own 
weight  would.  These  etearo  stamps  can  be  run  at  a  much 
higher  speed  than  gravity  stamps,  and  hence  have  a  greater 
capacity.  In  the  iVgure  shown,  three  screens  are  einployi-d, 
one  in  front  and  one  at  each  end  of  the  mortar.  There  are  . 
several  other  forms  of  portable  steam  atampe  manufactured. 
They  all  have  the  advantage  that  for  ascaall  property  they 
can  be  iaatalled  with  much  less  trouble  than  any  other  fbrm 
of  oruaher,  owing  to  the  fiiet  that  no  steam  engine  is  regalred 
and  the  steam  neceBaary  to  drive  them  can  usually  be 
obtained  &om  the  boiler  operating  the  hoisting  engine. 

MIstoMsMHS  Ftraii  ef  Cnshsts.— Host   crushers   can   be       Fio,  li. 
classed  noder  one  of  the  previoua  heads,  but  there  are  some 
forms  tliat  depend  on  the  material  Itaelf  to  do  the  crushing.    For  inatance, 
in  the  prepaistionofCDal  for  coke  ovens,  there  has  been  a  combined  crusher 
and  separator  invented  that  may  be  described  us  followa:  A  large  harizonlal 
drum  or  cylinder,  provided  with  screen  openings  around  ita  periphery,  is 

._j  i_  .  1.-^ — .,1  — ,.[q„     ,j.^g  jQ^[  ^  (^  separated  is  ted  into  one 

ir  plates  projecting  radially  into  the  cylinder. 

upper  side,  from  which  II  falls  by  gravity  and 

•iiimes  the  bottom,  thus  cruablng  the  sotler  paris.  The  sulphur  and  alate. 
being  harder  than  the  coal,  are  not  crushed  by  the  same  height  of  fall,  and 
hence,  by  a  proper  adjustment  of  the  diameter  of  the  cv Under,  the  coal  may 
be  crushed  and  discharged  through  the  screen  while  the  slate  and  sulphur 
will  paw  out  at  the  opposite  end  of  the  cylinder. 


Stitlansry  SnrMiii,  Orlnllgs,  Hg*il-Bii«,  or  Plitforn  Birt. -These  are  the 
various  namea  given  to  an  inclined  screen  employed  for  removing  the 
ane  material  from  the  run  of  mine  so  that  only  the  coarse  portion  will  be 
passed  to  the  crushers.  At  concentrating  woria,  the  term  ifrmiv  ia  usually 
employed,  and  a  common  form  is  shown  in  Fig.  lA.  Thla  is  composed  of  Bat 
bars  held  apart  by  cast-iron  washerB  througli  whlcb  the  bar  bolta  are  passed 
'0  hold  the  entire  tmme  together,  arizzfies  are  usually  pieced  at  an  angle 
if  ftom  45°  to  65°  and  ordfnarily,  for  the  bead  of  a  large  concentratfng 


in  lis  subai^uent 


of  apace  beW^een  the  bars  depending  on  Uie  aiie  of  the  run-of-mlne  material 
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In  the  anthntdle  coal  breaken,  the  tenns  otntfbnB  hart  or  htad-ban  an 
UBually  employed,  and  tbese  ban  are  mide  of  IVu)2"ioQnd  iron  placed  at 
anlDcllnaUonorsin.lo  1  (t/tbeapMlQs  depending  on  ibeOzeot  coalUia 
desired  lo  make  In  the  breaker. 

At  the  preaent  time,  In  accordance  vrlth  an  agceemeut  between  the  oper- 

Bbm  and  the  mlnerB'  offlalale,  the  standard  size  for  ■  bltniolnous  lump 

screen  (the  bats  are  called  a  screen)  tot  Ohio, 

FennsrWanla.  Indtana,  and  IlUnola  ts  12  11. 

fe      lDiisBbdeft.widaovertlieKieensurfBce.  The 

E     screen  consists  of  B  bearing  bars  4  In,  by  I  Id, 

E      of  soft  Ueel  and  S9  steel  screen  bars.  Pig.  IS, 

E     wilbliln.clearspacebetweenbari.    In  Iowa, 

E      the  same  rized  bar  is  nsed,  hnt  the  space  be- 

B      tween  (he  ban  Is  II  in.    In  the  other  Western 

E     and  Bojithem  BlMea  there  is  at  present  no 

E      standard, 

E  The  nandard  nnt-eoal  screen  (Or  Pennsyl- 

~      rania  and  Ohio  Is  I  In.  space,  but  |  in.  is 

Pin.  iy  someUmes  used  and  the  not  screen  Is  often 

varied  to  snit  the  special  trade.    At  present 

rerr  few  pea  screens  are  used,  bu«  U  placed  under  a  t"  not  screen,  the 

space  is  from  |  In.  to  |  Id.    In  the  PittsburK  ration  oT  Pennsylvania,  all 

coal  panlng  through  t"  screen  Is  called  *[aat,  while,  on  iha  Monongabe'fl 

RItct,  coal  passing  through  If'  screen  is  called  sloet  and  Is  nsed  in  stokers. 

Many  coMpanles  are  at  present  crashing  their  mn-of-mlne  coal  to  make 

slack  suitable  IB-  -^' 

It  Is  difficult , , 

tbetbUowlngseemtobethesbuidard:  lunp,  all  coal  passing  o....  ^   ,^.<,<.u, 
— .  .II  — ^  passing  through  If  openings  aDd  over  I"  openings;  ilact,  all 
_.t K  ./, ,rl --rJZ-, iBused.alJ  — ' '-- 


cmI  passing 
would  be  sli 


Ing  Ijirongn  f"  screen.    If  a  pea-eovl  screen  is  used,  all  coal  pasalDg 
y'  and  f' would  be  pea  coal,  and  that  passing  through  y.  t'',  or  f" 


„ _.    top  of  the  bar  is  cylindrical  and  projects  beyond  the 

web  which  supports  it,  so  that  any  lump  which  passes  through  the  npper 
port  will  fall  freely  without  jamming.  The  two  ends  of  the  bar  are  ¥  shaped 
and  fit  Into  similarly  shaped  grooyes,  so  that  the  ban  can  be  set  at  dlslanFea 
from  each  other  varying  with  the  sum  of  the  width  of  the  bases  of  the 
triaJiBlea,  the  uaual  opening  being  about  4  in.  These  bais  are  generaUy 
4  ft.  long,  but  they  can  be  of  any  sire. 

Finger  ban  arc  Bcreen  bars  that  are  fixed  at  one  end  only,  and  the  bars 
are  narrower  at  Che  lower  end  thau  at  the  lop,  so  that  the  spaces  between 
them  are  wider  at  the  bottom  than  at  the  lop,  thus  giving  less  tendency  for 
pieces  of  material  to  become  wedged  between  the  bars. 

MoiKMe  or  meUlaiittff  ban  m  screen  bars  that  are  attached 
at  their  lower  ends,  the  eccentrics  of  adjoining  bars  being 
placed  ISO"  apart,    T^ls  movement  throws  the  material  *-- 
wards  and  the  ban  do  not  therefore  require  nearly  the  ~- 
Inclination  as  fixed  bars 

Shsklni  ssrssni  have  an  advantage  In  that  the  entire  are* 
of  Uie  screen  Is  available  ibr  sidng,  and  heace  a  greater 
capacity  can  be  obtained  (torn  a  jglven  area  of  screening 
surface.  They  also  occupy  lees  vertical  bdgbt  than  a  levolv- 
■ 1 jj  breakeiH  they  are  partlcniarly  applicable 


ing  screen.  In  coal  breakets  they  are  partlcniarly  appUcal 
wbere  the  coal  is  wet  and  has  a  tendency  to  stick  t»ethi 
The  principal  disadrantoge  of  the  shaking  screen  Ts  tt 
be  reciprocating  motion  Impuls  a  vibration  to  the  trmni. 
if  the  building.  Por  anthracite  cool,  the  screens  usua] 
lavc  an  angle  or  pitch  of  from  )  In.  to  2  In,  per  foot,  the  1. 
iverage  bdng  about  f  in,  per  foot    These  screens  are  run  at      1 

fomWIoasOshakespermlDute.  the  average  being  aboutaOO  — ' r; 

hakes  per  minute,  or  lOD  revolutions  per  minute  fbr  the 
wm-^haft.  The  throw  of  the  eccentric  or  cam  varies  from 
I  in,  to  B  in.  irjo.  is, 

Blmllai  screens  are  employed  tor  ddng  salt,  but  are  usaally 
placed  at  a  much  sleeper  Incline  and  are  frequently  so  hung  that  they  hares 
combined  roc  king  and  Bwingiog  motion.  Bhaklngscreens  are  mrely  employed 
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other  machinenr,  and  hence  the  mater  space  that  they.oocapy  is  not 
objectionable  while  they  do  the  dang  satisfactorily  without  imparting  Jar 
to  the  structure. 

The  capacibiet  of  shaking  screens  operating  on  anthracite  coal  have  been 
el  yen  as  follows.  The  parties  giving  these  figures  advise  the  use  of  140  R.  P.  M. 
for  the  cam-shaft. 

For  broken  and  egg  coal,  i  sq.  ft.  per  ton  for  10  hours. 

For  stove  and  chestnut  coal,  i  sq.  ft.  per  ton  for  10  hours. 

For  pea  and  buckwheat  coal,  |  sq.  ft.  for  10  hours. 

For  birdseye  and  rice,  li  sq.  ft.  per  ton  for  10  hours. 

For  sizing  bituminous  coaL  inclined  shaking  screens  are  extensively  used 
in  certain  sections,  particularly  in  the  Middle  western  States.  These  screens 
are  given  a  shaking  motion  by  means  qf  cams  and  connecting-rods,  which 
make  from  60  to  100  strokes  per  minute,  the  speed  varying  according  to  the 
amount  of  moisture  in  the  coal.  The  throw  of  the  eccentric  is  about  6  in. 
These  screens  are  7  ft.  wide  and  vary  in  length  according  to  the  conditions 
in  the  tipple,  no  standard  having  been  adopted.  The  averaee  inclination  at 
which  they  are  set  is  14^,  though  this  angle  varies  under  different  conditions 
fh>m  V2P  to  15^.    The  capacity  of  these  screens  running  under  the  conditions  ' 

fiven  above  is  riven  by  one  maker  as  2,000  to  2,500  tons  per  day  of  8  hours, 
n  one  test  lasmig  8  hours.  2,000  tons  of  coal  were  passed  over  screens  having 
perforated  plates  of  the  following  dimensions: 

66  sq.  ft.  with  y*  perfbrations  for  making  slack. 
56  sq.  ft.  with  ly*  perforations  for  making  i>ea  coal. 
28  sq.  ft.  with  2r '  perforations  for  making  nut  coal. 
28  sq.  ft.  with  ^'  perforations  for  makine  egg  coal. 
Another  maker  uses,  for  taking  pea  and  dust  from  nut,  and  nut  ftom 
lump,  50  to  60  sq.  ft.  of  surface  for  each  size,  and  to  handle  600  to  800  tons  in 
8  hours  he  uses  a  ^*  travel  and  120  to  130  shakes  per  minute,  with  the 
screen  at  an  inclination  of  15°. 

Sizo  of  Mtsh.— The  following  perforations  have  been  adopted  by  two  of  the 
largest  anthracite  coal  companies  as  the  dimensions  for  the  holes  in  idiaking 
screens  to  produce  sizes  equivalent  to  those  produced  by  revolving  screens: 

Mesh  fob  Shaking  Scbeens. 


Kind  of  Coal. 


Steamboat- 
Lump  

Broken  

Egg 

Stove  

Chestnut  ... 

Pea  

Buckwheat 
Rice — 


Lehigh  Valley 
Coal  Co. 


Round. 


Phila.  A  Reading 

Coal  &  Iron  Co. 

Round. 

Square. 

^" 

5"  • 

4i" 

4" 

8i^' 

21" 

2i" 

2" 

U" 

ir 

\" 

i" 

\v 

V 

^" 

4 

iV 

\" 

Kind  of  Coal. 


Steamboat. 

Large  broken. 

Small  broken. 

|feg. 

Stove. 

Chestnut. 

Pea. 

Buckwheat. 

Rice. 


Revolvhig  Sorttns,  or  Trommels.— The  screen  is  placed  about  the  periphery 
of  a  cylinder  or  frustum  of  a  cone.  The  material  to  be  sized  is  introduced 
at  one  end;  the  small  size  passes  through  the  screen,  and  the  other  size  is 
discharged  from  the  other  end.  If  the  form  is  cylindrical,  it  is  necessary 
to  place  the  supporting  shaft  on  an  incline  so  that  the  material  will 
fidvance  toward  the  discharge  end.  The  inclination  of  the  shaft  deter- 
mines the  rapidity  with  which  the  material  will  be  carried  through  ^e 
screen.  The  advantage  of  the  conical  screen  is  that  the  shaft  is  horizontal  - 
and  hence  the  bearings  are  simpler.  This  a  very  decided  advantage  in 
many  mills  where  the  machinery  must  of  necessity  be  crowded  into  a : 
minimum  space  and  be  hard  to  get  at.  .  r 

Pentagonal  screens,  or  screens  having  some  other  number  of  flat  sides, 
are  sometimes  employed.  These  are  run  at  a  very  much  more  ra^^d  rate 
than  circular  screens,  it  being  intended  that  the  material  shall  be  thrown 
or  dashed  against  the  screen  surfaces  to  break  it  or  to  looff^  adhering  elay ' 


r 
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or  dirt  The  shaft  is  sometimes  hollow,  and  streams  of  wat^  ftom  this 
hollow  shaft  wai^  the  material  as  it  is  being  screened. 

Revolving  screens  are  frequently  jacketed,  that  is,  two  or  more  screens 
are  placed  concentrically  about  the  same  shaft,  the  inmost  one  being  the 
coarsest,  and  each  succeeding  screen  serving  to  make  additional  separations. 
This  method  reduces  the  space  necessary  for  a  given  amount  of  sizing 
machinery.  In  other  cases,  a  long  cylindrical  screen  has  a  coarse  mesh  near 
its  discharge  end  and  finer  mesh  near  the  entrance  end,  thus  making  two  or 
more  through  products  as  well  as  the  overproduct.  The  disadvantage  of 
jacketed  screens  is  that  the  necessarily  slow  speed  of  the  inmost  screen 
reduces  the  capacity  of  the  entire  combination,  so  that  if  rapid  work  is 
essential,  it  is  better  to  use  fairly  large-diameter  screens  placed  one  after  the 
other  in  place  of  jacketed  screens.  Another  disadvantage  is  that,  to  renew 
the  inner  jackets,  it  is  often  necessary  to  remove  the  outer  ones. 

The  disadvantages  of  having  two  or  more  sizes  of  wire  cloth  on  one  screen 
are  that  the  fine-meshed  screen  near  the  head  is  worn  out  rapidly,  as  all  the 
material  both  coarse  and  fine  patees  over  It,  while,  when  separate  screens 
are  emploved,  each  screen  has  to  deal  only  with  its  through  or  over  sized 
product,  ail  coarser  material  having  been  removed. 

Speed.— The  periphery  of  a  revolving  screen  should  travel  about  200  ft. 
per  minute.  In  the  case  of  very  fine  material,  screens  are  sometimes  run 
taster  than  this. 

The  following  have  been  adopted  as  standard  speeds  for  screens  by  one 
of  the  largest  anthracite  coal  companies: 

Speed  of  Screens. 

Rev.  per  Minute.  Rev.  per  Minvie. 

Mud  screens 8.87    Big  screens 8.52 

Counter  mud  screens 15.49    Pony  screens 10.87 

Cast-iron  screens 11.25   Buckwheat  screens  15.30 

Doty  tf  Anthrsoitt  Sorttns.— The  following  table  g^ves  the  number  of 
square  feet  of  screen  surface  required  for  a  given  duty  in  the  case  of 
revolving  screens  working  upon  anthracite  coal: 

Egg  coal,  1  ton  per  1    sq.  ft.  per  10  hours. 

Stove  coal.  1  ton  per  li  sq.  ft.  per  10  hours. 

Chestnut  coal,  1  ton  per  ll  sq.  ft.  per  10  hours. 

Pea  coal,  1  ton  per  2   sq.  ft.  per  10  hours. 
Buckwheat  coal,  1  ton  per  2f  sq.  ft.  per  10  hours. 

Rice  coal,  1  ton  per  3|  sq.  ft.  per  10  hours. 

Culm,  1  ton  per  5   sq.  ft.  per  10  hour^. 

These  figures  may  be  reduced  ft-om  209(  to  30^  for  very  dry  or  wash  coal. 

Revolving  Soretn  Mesh  for  Anthrioite.— A  standard  mesh  for  revolving 
screens  for  sizing  anthracite  coal  was  adopted  some  years  ago,  but  it  is  only 
approximately  adhered  to  and  a  considerable  variation  ftom  the  standard  is 
found  throughout  the  anthracite  region. 

The  following  are  probably  as  nearly  standard  meshes  for  revolving 
screens  for  sizing  anthracite  coal  as  can  be  given: 

Mesh  for  Sizing  Coal. 
Culm  passes  through  A"  mesh. 

Birdseye  passes  over  i"  mesh,  and  through  A''  mesh. 

Buckwheat  passes  over  i^  mesh,  and  through  jr  mesh. 

Pea  passes  over  i"  mesh,  and  through  i"  mesh. 

Cliestnut  passes  over  I''  mesh,  and  through  If"  mesh. 

Stove  passes  over  If"  mesh,  and  through  2"  mesh. 

Egg  passes  over  2"  mesh,  and  through  2}"  mesh. 

*  Grate  passes  over  2^'  mesh,  and  out  end  of  screen. 

*  Special  grate        passes  over  3"  mesh,  and  out  end  of  screen. 

*  Special  steamboat  passes  over  3''  bars,  and  through  6"  bars. 

Hydrialio  Clitsiflers.— The  separation  of  materials  by  this  class  of 
macninery  depends  upon  the  law  of  equally  foiling  bodies,  which  may  be 
stated  as  follows:  Bodies  falling  free  in  a  fluid,  fall  at  a  tpeed  proportional 
to  their  weight  divided  by  the  resistance.  From  this  it  will  be  seen  that  small 
masses  of  a  heavy  mineral  will  fall  as  rapidly  as  large  masses  of  a  lis^t 
mineral,  owing  to  the  fact  that  the  weight  increases  as  the  volume  and  the 

•  TheM  liiea  and  "lamp"  slie  are  Mldom  mada,  and  there  la  no  nnilbmltj  whatever  In  tka 
<laea  called  bj  theae  namea. 


BYDRAVUC  CLASSIFIERS. 


maall  plecMOf 


IS  the  are*,  ao  that  if  *  guantitT  of  galena  and  qoarti  of 
..-a  Ictioduced  Into  water.  It  would  aettle  Into  approximate 
>mpaeed  of  relatlvelr  targe  plec«  of  qnartx  and  relatlvelr 
galena.   Thia  laiae  aoUou  would  be  true  In  the  case  of  an; 


, JT  la  Introduced  through  Bie  pipe  dftom  lbs 

launder  g  in  Rioh  qoantlQ  as  (o  more  than  supply  the  opening  or  spigot  t. 
.  The  heavy  particles  of  raineral  settle  agalDSt  this  rising  atream  of  waierlnlo 
the  elliow/  ftom  wiiloh  they  are  washed  out  through  e.  Each  Eucceedlhg 
box  is  made  larger  than  the  preceding,  and  ttie  rising  current  la  bq  regulatea 
tliat  a  dlflbrent  product  will  settle  oul  In  each. 

The  SpltthittH  Is  a  V-shaped  boi,  Inside  of  which  In  set  another  V  havlnR 
.1 '.1 —  .1 iterialflowl —  •■ ■-■ ■■-  ■ —  "' '^- 


rlnclplel 
ing^lu 


, is  boxes  of  varioQ ^ 

The  Cilsmsl  ilsMKUr,  Fig.  is,  constats  of  a  series  of  boxes  or  pockets  In  the 
oottam  dI  a  gradually  widening 
trough.     Wash  water  enters     ■ »  .«         .         ■ 

a-^ssrsttss  i  .n*ii.iiJigii.nJtiiiilTHMl 

spigot  d.  which  ]a  however  not  IL.  u  S        u      'W"-J-l 

line  enough  to  carry  all  the  m.  . 

wafer  offdicect'"  ■■ --—■-■- 

and  eddies  in  . 

box  BO  that  oi . 

particles  having  wdght  enough 
to  settle  In  this  disturbed  water  s 
pass  out  tlirough  theaidgot,  ,^ 
shield  c  reflects  upward  cunenl 
and  confines  the  agitatian  to  the 
bottom.  The  pulp  flowing  In 
the  direction  of  the  arrows  is 
deflected    downwards    by   the 

The  lattlinibQita  employed  for  mills  are  reiLlly  a  form  of  hydiauliaclasd- 
fler.  They  are  usually  very  largo  H-shapcd  boxes  provided  with  a  diving 
boari  similar  to  that  shown  at  b  In  Fig,  IT,  but  no  currant  of  water  la 


ugh  to   carry  all   the  Jr  „        -iJ-J'-i" 

I  in  the  bottom  of  tlie  "^"SiT-li  ir=t^"   f^ll.  S^i.  !^\  ?" 
lat  only  Uia  heaviest         ^M/\^I\Ml\^:^hMf 
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InCcodnced.  In  mne  CMea  a  snail  Etnam  ot  the  heavr  mudi  or  eonoen- 
bates  la  kept  continuallT  floning  fiom  the  bottom,  valle  in  others  they 
ara  diawn  off  inteimlttenttT.  One  very  important  point  lo  tie  olnerved 
in  KttUng  boxes  li  that  the  Mttllng  acOoD  depends  on  tlie  arresting  of 
the  current,  and  with  a  given  amount  of  Soor  space,  verv  much  mare 
efficient  settling  can  t>e  obuined  ttom  two  boxes  placed  side  >>;  side  and 
having  half  tiie  material  pafs  tlirough  each  Chan  from  two  boxes  placed 
la  senes.  and  that  the  width  of  the  box  Is  of  Tastly  more  importance 
than  the  length.  The  depth  is  also  lalrl;  Important,  and  a  dlilng  board 
miut  always  be  Introduced  to  prevent  surface  currents.  If  the  boxes 
are  properly  anaoged,  nearly  all  the  solid  material  will  he  nettled,  out  of 

The  j*ffr«(-RoblRH«  ogtl  wiihir,  fig.  19,  which  operates  on  the  prlndpleof 
the  S^tikasEen,  cod^hU  of  a  steel  cbaraber  B  in  the  form  of  an  inverted 
cone,  inside  of  which  an 
projecting  arms  and  Mr- 
lins  plates  C,  C  levolved 
by  a  driving  gear.,4.  The 
WBler  supply  enters  at 
the  bottom  from  the 
water  pipe  P  tbroogh 

ffrferallons  K.  The  Coal 
Introduced  through  a 
chute  S  and  is  kept  In  i 


Hon  by  thi 


_..  .  .md  bdng  llglitet 
Chan  the  Impurities,  It 
passes  out  chrougb  the 
overflow  K  onto  the  con- 
veyors £,  J"and  through 
the  chutes  X  X,  whSe 
the  water  and  sludge 
drain  through  the  hop- 
per into  Che  sludge  lank 
fl,  whence.  If  neceaaary, 
Che  same  water  can  be 
again  pnmped  l>y  the  pnl- 


washed  product  as  greatly  asporalble.) 

The  heavy  Impurities  sink  to  the  bottom  Into  the  chamber  J  and  wbeu 
thlsls  full  theupper  of  the  two  valves  shown  Is  closed  and  the  lower  valve  Is 
opened  to  discharge  the  refuse. 

The  following  data  In  regard  to  one  of  Chesa  waiters  Is  given  by 
Mr.  J.  J.  Ormsbee  In  the  Transactions  of  the  A.  I.  M.  E.  These  results  were 
obtained  at  the  Pratt  Mines,  Alabama,  with  a  plant  baving  a  nominal 
capacity  of  40D  tons  per  day.  By  waslilng  slack  ChaC  passed  between  screen 
bans  spaced  |  in.  in  the  dear,  the  washed  coal  contained  4M  Icm  ash  than 
the  unwashed  coal,  the  reduction  In  sulphnr  was  IM,  while  the  volatile 
matter  was  increased  M,  and  the  Oxed  carbons*.  Wllheoal  paBStngorert" 
perfbiBtlons;  the  nsults  were  a  reduction  of  43^  in  ash,  IS^  In  sulphnr,  and  a 
nln  of  H  In  volatile  matter  and  M  flied  carbon.  These  resalts  Indicate  that 
the  washer  is  better  adapted  to  large  sizes  than  to  lines.  The  amount  of 
water  used  per  ton  of  washed  coal  was  35.1  gallons  and  the  cost  was 
2.25  cenCs  per  Coo  for  washing  400  Ions,  Itemized  as  Ibllows:  Labor  at  wadier, 
t2,00;  labor  at  holler,  fuel,  etc..  $4.00;  repairs  and  supplies,  W-OO;  total,  I6.00. 

Loi  Wiihir.— For  removing  clay  from  ores  or  other  material,  the  log 
washer  Illustrated  in  Mg.  20  has  proved  Itself  10  be  efflelent.  Qtber 
single  or  double  logs  are  employed,  the  form  shown  being  the  double- 
log  washer.  The  liwa  work  over  troughs  which  have  a  sllgSt  IncUnalion, 
so  that  the  water  will  flow  ftom  one  end  Co  the  other.  Water  ts  IntrDdDoea 
stCbeupperendanddiBchargedattbelowerend.  The  material  tobewadied 
1.  .__.<;... J v.  . J  ....  ,.  ,...  ..p  jg^jut  u„  ^f^Hfu  ^  ,p(^ 
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4S7 


Fia.  20. 


Theee  waafaen  have  been  eztenilyely  employed  Ibr  cleaning  Ifon  ores 
occurring  as  rather  hard  manwoit  in  clay. 

There  is  no  general  standard  size  of  these  w^ers,  but  most  of  the  donble- 
log  washers  for  both  steel  and  wood  logs  are  the  same,  except  in  length  of 
logs,  the  washer  box  b^ng  7  tL 
4  in.  wide,  2  ft.  deep  at  discharge 
end,  and  4  ft.  deep  at  receiving 
end.  The  length  of  logs  varies 
ttova.  20  to  80  ft.  The  logs  are 
generally  given  an  elevanon  of 
lin.  in  1  ft.,  and  sometimes  li in. 
in  1ft. 

The  capacity  of  an'  ore  washer 
depends  very  much  on  the  € 
quality  of  the  material,  avera> 
ging  for  one  pair  of  loss  firom  100 
tons  per  day,  when  the  matrix 
is  of  a  clayey  nature,  to  850  tons 
with  loose  sandy  material.  The 
capacity  of  a  washer  is  based 
on  the  amount  of  material  from 
the  mines  it  will  put  through 
more  than  the  tonnage  of  clean 
ore,  and  this  amount  varies  ftom 
600  to  1,000  yd.  per  10  hours.  The  amount  of  water  used  varies  from  800  to 
600  gal.  per  minute.  The  total  expense  for  labor  and  friel,  including  the 
water  supply,  varies  from  6  cents  to  25  cents  per  ton  of  ore,  averaging 
possibly  10  cents  per  ton. 

The  Soafff  troagh  washer  consists  of  a  semicircular  iron  trough  2  ft. 
in  diameter  and  24  ft.  long.  Inside  is  a  series  of  fixed  dams  or  imrtitions 
that  can  be  made  higher  or  lower,  as  required,  by  means  of  plates.  A  shaft, 
running  the  entire  length  of  the  trough  and  turning  in  babbitted  Journals 
carries  a  number  of  stirring  arms  or  forks  and  is  given  a  reciprocating 
motion  by  a  connecting-rod  attached  to  a  driving  pulley  at  its  center.  The 
coal  is  fed  with  water  at  the  upper  end  of  the  trough,  and  by  the  action  of 
the  flowing  water  and  the  agitaifon  of  the  arms,  the  slate,  pyrites,  and  other 
impurities  settle  at  the  bottom  and  are  caught  behind  tne  dams,  while  the 
clean  coal  passes  over  the  dams  and  out  at  the  lower  end  of  the  trough. 
When  the  spaces  behind  the  dams  are  filled,  feeding  is  stopped  and  the 
reftise  in  the  dams  quickly  dumped.  This  form  of  washer  is  particularly 
successftil  with  coal  mixed  with  fireclay.  One  washer  bandies  ftt>m  75  to 
100  tons  of  coal  ner  day,  and  one  man  can  attend  to  six  washers.  Each 
washer  requires  less  than  1  H.  P.  to  operate  it.  The  larger  the  coal,  the 
greater  must  be  the  slope  and  the  quantity  of  water  used. 

Jilt.— This  is  a  general  term  applied  to  that  class  of  concentrating 
machines  in  which  the  separation  of  the  mineral  from  the  gangue  takes 

Slace  on  a  screen  or  bed  of  material  and  is  effected  by  pulsating  up-cmd- 
own  currents  of  a  fluid  medium. 
There  are  a  number  of  different  methods  in  use  for  driving  the  pistons 
that  cause  the  pulsations  of  the  water  in  jigs.  Some  of  these  use  plain 
eccentrics,  fldving  the  same  time  to  both  the  up  and  the  down  strokes  of  the 
pistons,  while  others  employ  special  arrangements  of  parts,  which  give  a 
quick  down  Stroke  and  a  slow  up  stroke,  thus  allowing  the  water  ample 
time  to  work  its  way  back  through  the  bed  without  any  sucking  action 
ftom  the  piston.  This  tends  to  maxe  a  better  separation  in  some  cases  than 
the  use  of  the  plain  eccentrics. 

Stationary  5oreen  Jifs.— This  class  is  illustrated  by  Fig.  21,  which  shows  a 
3-compartment  jig.  The  separation  takes  place  on  screens  supported  on 
wooden  frames  a,  and  is  effected  by  moving  the  water  in  each  compartment 
so  that  it  ascends  through  the  screen,  lifting  the  mineral  and  allowing  it  to 
settle  again,  thus  giving  the  material  an  opi>ortunlty  to  arrange  itself  accord- 
ing to  the  law  of  equally  falling  particles.  Each  compartment  is  composed 
of  two  separate  parts,  one  containing  the  screen  on  tne  support  g  and  the 
other  adjoining  it  and  arranged  so  that  the  piston  in  it  may  impart  the 
necessary  pulsations  to  the  water.  These  pistons  are  usually  loose  flttlng;  and 
are  operated  by  the  eccentrics  e  on  the  shaft  «.  Jigs  operating  on  coarse  ore 
should  be  fed  with  approximately  sized  material,  when  the  ore  will  accumu- 
late near  the  bottom  on  the  screen  and  the  barren  portion  or  gangue  will 
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:uTled  ovei  the  dischoTge.   rormerly,  tlie  conceolratea  vers  dlschuged 

n  Jlgi  Intermittently  hj  digging  out  the  tailingE  first,  then  tbe  mlddUnn 

whlcb  ue  composed  or  pieces  contsJnliie  louie  ore  anil  same  K&tigue.  and 

^._  .1 ......   t...  ,.  v..  u.._  fo„n^  yja(  j]jg  concBDtraleg  will 

ipamlTely  beavy  apeci&c  gnvlQ, 


The  liabtrl*  ill*,  rig.  33.  acli 
a«aiDn  tbs  inblde  of  the  jig  a: 


by  slides  c. 
the  BT 


n  of  the  openlQg  beliig  Tegulaled 


.    Tbe  BhieU 


while  the 


_  ..  .revents  the  taJungs 
It  through  the  opening  /, 

height  BOmewhU 

lower  thun  the  top  of  the  udlinga  in  the 

iig,  when  they  are  discharged  through  the 

opening  /  over  the  epout  It,  aa  shown  >t 

p.    The  tailings  are  uBiially  diflcharged 

over  the  dam  at  the  end  of^lhe  Jig.  and 

In  «ome  casee  a  third  discharge  is  provided  of  the  Heberlei!al«  pattem 

and  10  arranged  that  the  middlings  will  fiow  out  through  it  and  discharge 

separately  from  the  tailings  and  the  coQcentratcs. 

In  the  case  of  jigs  handling  flne  material,  the  material  may  be  sorted  by 

B,  ISile  ■■ 
„.,.^    Advkntura  inav  ' 

X  below  the  t 
the  tailings  will  'pus  over  the 
dlscIUTge  18  employed  on  the  side 
are  reerusbed  a— '  ■ — ■-■■ ■•■- 


ranguew 


I.  commonly  called  the  AuteA.  w 

Lg  dam.  In  some  cases  the  gate 
aove  the  middlings.  The  middlings 
-'•■ — .   This  form  of ' — " — 


sb; 


and  ^Bo  in  concenCraQng  ti 
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Thtory  of  Jiff  inf.— By  far  the  most  dxhanstive  investigations  on  the  theory 
of  jigging  earned  on  in  America  are  those  of  Prof.  Robert  H.  Richards,  of  the 
Massachusetts  Institute  of  Technology,  and  the  greater  part  of  the  following 
theoretical  discussion  is  based  on  his  several  papers  published  in  the  Trans- 
actions of  the  American  Institute  of  Mining  Ensineers. 

Four  laws  of* jigging  are  given  by  the  several  authorities:  (1)  The  law  of 
equal  settling  parucles,  under  tree  settling  conditions;  (2)  the  law  of 
interstitial  currents,  or  settling  under  hindered  settling  conditions;  (3)  the 
law  of  acceleration;    (4)  the  law  of  suction. 

The  first  of  these  is  the  most  important,  but  the  others  are  elements  that 
cannot  be  disregarded  in  connection  with  jigging. 

Equal  Stttliof  Partlolts.— Rittinger  eives  the  followinff  formulas  to  repre- 
sent the  relation  between  diameter  of  grains  and  rate  of  falling  in  water  for 
irregularly  shaped  grains:      

V  =  2.73|/D(a  —  1),  for  roundish  grains; 

V  =  2.44|/D(6  — ij,  for  average  grains; 

V  =  2.37/Z>(g--lj,  for  long  grains; 

V  =  1.92|/D(«  —  1),  for  flat  grains. 

in  which  V  =  velocity  in  meters  per  second;  D  =  diameter  of  particles  in 
meters,  and  S  =  specific  gravity  of  the  minerals. 

By  means  of  these  oUfl^rent  formulas,  the  ratios  of  the  diameters  of 
different  particles  that  will  be  equal  settling  in  water  can  be  computed. 
Professor  Richards  has  not  found  these  formulas  to  hold  in  all  cases  in 
practice,  and,  as  the  result  of  elaborate  experiments,  he  gives  the  following 
table: 

Equal  Sbttlino  Factobs  ob  Multipubrs. 

Table  of  equal  settling  factors  or  multipliers  for  obtaining  the  diameter  of 
a  quartz  grain  that  vdll  be  equal  settling  under  tree  settling  conditions  with 
the  mineral  specified. 


Anthracite  .. 

Epidote 

Sphalerite 

Pyrrhotite  ... 
Gnalcocite  ... 
Arsenopyrite 
Cassiterite  .... 

Anitmony 

Wolfiramite  .. 

<^alena  

Copper  

Quarts  


o 

o 

OQ 


1.473 
3.380 
4.046 
4.508 
5.334 
5.627 
6.261 
6.706 
6.937 
7.866 
8.479 
2.640 


Velocity  in  Inches  per  Second. 


2 

3 

4 

5 

6 

7 

8 

Author's  Multipliers. 


.500 

.852 

.225 

.213 

1.57 

1.35    1.05 

1.13 

1.50 

1.61 

1.56 

1.56 

1.46   1.05 

1.17 

1.62 

1.64 

1.68 

1.66 

1.73    1.29 

1.48 

2.00 

2.22 

2.26 

2.13 

1.90  11.47 

1.62 

2.07   2.28 

2.41 

2.44 

1.90   1.57 

1.89 

2.42 

2.56 

2.72 

2.84 

2.11 

1.79 

2.00 

2.73 

2.93 

3.08 

3.05 

2.71   2.00 

2.00 

2.73 

2.93 

3.03 

2.98 

2.71 

1.83 

2.07 

2.86 

3.04 

3.21 

3.28 

2.71 

1.&3 

2.26 

8.00 

3.42 

3.65 

3.76 

2.71 

2.00 

2.36 

3.00 

8.20 

3.68 

3.76 

1.47 
1.56 
2.08 
2.17 
2.94 
3.12 
3.00 
3.26 
3.75 
3.75 


.288 
1.46 
1.86 
2.14 
2.64 
2.82 
3.32 
3.48 
3.64 
4.01 
4.56 


The  significance  of  the  above  table  is  as  follows:  If  a  piece  of  anthracite 
of  a  certain  size  falls  in  water  with  a  velocity  of  4  in.  per  second,  a  piece  of 
quartz  0.213  times  the  diameter  of  the  anthracite  will  fall  with  the  same 
velocity.  If  a  piece  of  copper  of  a  certain  size  falls  with  a  velocity  of  7  in. 
per  second,  a  piece  of  quartz  3.58  times  as  large  as  the  copper  will  fall  with 
the  same  velocitv. 

Inttrstltiil  Currtnts,  or  Law  of  Settlinf  Under  Hindered  Settlini  Conditions. 
If  d  equals  the  diameter  of  a  falling  particle,  and  D  that  of  the  tube  in  which 

it  falls,  the  larger  the  fraction  -^,  the  greater  will  be  the  retardation  or  loss 


440  ORX  BEXSBnrd  ASB  PREPARATION  OF  COAL. 

of  veloottrbrtlMMKtele.    When  tbl*  fmetton  AqtuUt  l,  the  pMtloIe  ■tosc 
il.  In  Via.  38  (a),  the  lAiyer  dcclM  laprcmnt  puOoles  oF  qoarti  uid  die 
■oiallei  ^rtin  equal  *elUfiig  paittcleaof  gkleiu,  UieD  If  Uwae  mlzed  paM- 
cles  are  letUliiK  togatber  or  ara  held  In  nupeiuiou  I9  a  rlilDg  current  of 
water,  «aoh  particle  taay  be  conaldered  to  be  bUlne  In  ■  tabe,  the  walls  of 
which  conalil  of  the  ninonnding  panJele*.   Subauuitlng  «  circle  In  each 
case  tor  the  Imaginary  tube,  we  have 
Tif.  !S  <b)  reprenenllng  Che  condi- 
tions for  galena  and  quarti,  the 
O  outer  circle  In  each  case  repreaent- 

— ^       Ing  the  Imagtnary  tube.    ETldenll]', 
^~^      ■=  Is  much  smaller  for  the  galena 


'"'  Impeded  in 

/-ni  _.    _  hence,  the 

f*)  na.  2S.  a.  adjacent 

irti  will  be 

■mailer  than  the   ratio  that  the   law  Jcles  under 

free  KttUng  conttltlons  would  Indlcal  prlndtde  la 

found  when  a  masB  of  gralnB  la  subjM  Df  aumolent 

Rirce  to  rearrange  the  grains  accoidli  er  and  the 

cralnB  aie  aaid  to  be  treated  under  hli  na,  ai  on  the 

bed  of  a  ilg. 

iRtsralltTilftatiri,  or  multipliers  fco' obtaining  the  diameter  of  the  particle 
of  quarts  that  under  hindered  BetlUng  conditions  will  be  Ibund  adjaoent 
to  and  In  equilibrium  with  tbe  particle  of  the  miueral  spedfled,  are  the 


Bphaleiite V.137 


Copper 8.698    Casslterlte 4.698    Pyrrhotlte 

Galena &.»I2    AiBenopyrtte . .3.737    Bphaleli" 

Wolframite.-S.isa   Chalcooite 8.116   Epldote  

Antimony  ...4.897    Magnetite 2.S0S    Anthracite  1782 

These  algniiy  that,  alter  pulsloii  has  done  Ita  work  on  a  jig  bed,  Ibr  exam- 
ple, where  quartz  and  anthracite  are  being  Jigged,  the  grains  will  be  n 
arranaed  that  the  gialnaof  quartz  are  .17E!ame8the  diameter  of  UiegralDi 
of  anthiadle  that  ate  adjacent  to  and  In  eqnllltolnm  with  them. 

kOMlMstlM.— A  puHcIe  ot  galena  that  Is  equal  KtUlng  to  the  particle  oT 
quarts  reachei  Ita  nuuilmnm  velocity  In  puhap*  i,  the  time  reqniried  by  (he 

"■-    "" — * ■-■'  — '— " f  a  jig,  therefore,  give  tne  galena  par- 

10  quarts.  When 

iian  we  ahould 


Lpect  acconling  to  the  law  of  eaual  aettUng  particles. 
»»olla 


Smllvn  actstodrawdown -.  .. 

heavier  mineral,  which  are  dlu  3a>«  aa 

the  length  of  plunger  stroke,  1  r  of  tbe 

two  minerals,  and  with  the  din  «n  the 

rteve,  whether  of  the  heavier  1  lie  law 

of  auction  aeeme  to  be  that  ji,  (UCUon 

where  the  two  minerals  are  ni  nd  best 

work  then  belnti  done  with  no  •  dlffiir 

much  In  size  of  particles,  the  q  i  la  not 

only  a  great  advantage,  but  m  i  at  all. 

Eliperimenta  have  Indicated  ai  ini  that 

■re  helped  and  those  that  are  I  lameler 

of  the  quartz  partielea  la  equal  iameler 

of  the  other  mineral  partlclefl.  U  loa 

separation  la  hindered.    This  vi  j  JilVi) 

Is  approximate  only,  and  11  wll  lUnder 

condderatlon;  if  the  quartz  gn  a  large 

Eccentric  Jigs  Invariably  spend  more  time  on  pulsion  than  accelerated 
B._  Is  it  noffti;  to  conclude  that  the  eccentric  ]§B  are  better  adapted  fcf 


JigB.    ts  it  nofiilr  to  conclude  that  the  eccentric  ]£e 

treating  aande  that  require  the  most  pulslont  £ich  sands  are  tlie  slsed 

CJucts  fMm  the  trommel  and  the  drat  spigot  of  the  hydraliBc  clasriBer. 
the  other  hand,  may  not  the  long-protracted  mild  auction  of  the  acceler- 


le  long-protnu 

the  trealmer-   „ , ,_ 

ir  MpparaUon;  for  example,  the  second  Splgol  a 


ated  Jig  be  best  adapted  to  the  treatment  of  such  jnodncto  as  reqnli 


TBEOBY  OF  jieeiifa.  Ml 

llie  n>1loi*liw  qd^ota  of  tbe  hydraulic  cludfler?  This  m&v  be  the  leuon 
that  the  Colloin  fig  has  baaA  bo  gnM  favor  tX  Lalie  Superior  and  ■( 
Anaconda,  where   all   the  Jlgglas  u  done   on   true   hydraulic-sepBrator 

SroductB.  except  the  ant  deve  of  the  fitsl jig.  We  should,  however,  bear 
1  mind  that  the  ammwhat  hareh  guction  oi  l^e  ecceutiic  jig  can  be  made 
milder  by  IncTeasliu  the  hydraulic  water.  This  will  dlmlniai  the  harden- 
ing or  the  bed;  but  ft  cannot  lengthen  the  Qme  of  aucUon,  bo  aa  to  secure 
the  condition  ae  presented  In  thia  parUeular  by  the  accelerated  Jigs. 

Tvo  extreme  BUggeetioni  arise  bom  a  contemplation  of  tbe  eiperlment« 
we  have  carried  on:  (1)  On  okiaely  <lzed  products,  an  accelerated  jlg  should 
be  run  badcwards,  lo  lengthen  out  the  poldon  polod.  which  Is  the  only 
period  that  doea  any  woili;  and  (Z)  the  accelerated  jig  ahould  be  run  for- 
warde  on  the  aplgot  products  of  the  hydraulic  aepuMor,  to  Increaoe  tbe 

In  the  way  of  the  Qrst  luggestlan.  there  are  two  difficulties,  either  of 
whieh  may  cancel  the  advantage:  Jtrtt  the  violent  downward  motion  of  the 
quick  leUiru  will  tend  ta  "  blind  up  "  the  sieve;  and,  KcoBd,  the  same  action 
will  tend  to  pulverize  aaoft  mineral  like  galena. 

Profenoi  RichardB  stunmarizes  bis  experiments  in  connecUon  with 
tlgglneaa  Ibllows;  The  two  chief  reactions  of  jigging  are  puMon  and  sue- 
Uoa.TThe  eSbct  of  pulsion  depends  on  the  lawsot  inlerstitial  cnrrenls,  or 
of  eqaal  settling  porticlea,  under  hindered  settling  conditions.  The  chief 
function  of  puldon  Is  lo  save  the  larger  grains  of  tbe  heavier  mineral,  or  the 
grains  Out  settle  fltitei  and  &rther  than  the  waste,  Tbe  effect  of  suction 
oepeads  on  the  intentitial  factor  of  tbe  minerals  to  be  separated.  If  this 
Esctorlagteateithan  S.TO.  suction  will  be  efficient  and  rapid.  If  the.&clor 
Is  less  than  3.70.  suction  wiU  be  mucb  hampered  and  hindered.  The  use  of 
a  long  mmka  will  help  to  overcome  this  difficulty.  The  chief  function  of 
EDCtlon  Is  to  save  the  particles  that  are  too  small  to  be  saved  by  tbe  law 
of  intentitial  currents,  acting'  through  the  piilsiou  of  the  Jig.  For  jigging 
mixed  size*,  pulsion  wttb  full  suction  should  be  osed.  For  Jlg^ag  cIoBely 
sized  ptodncta,  pulsion  with  a  "^ "'""""  of  suction  sbould  be  used. 

The  degree  of  slzlns  needed  as  preparatlou  fbr  Jigging,  if  perfect  work  Is 
desired,  depends  on  tbe  intenmtlBl  mctor  of  the  imnerala  to  be  sepataied. 
If  the  Actor  Is  above  S.TO  (assuming  this  value  to  be  sufBcleDtly  proved), 
then  dzing  is  timply  a  matter  of  convenience.  The  One  alimes  should  of 
course  be  removed;  and  if  it  le  more  convenient  to  send  egg  size,  nut  size, 
pea  size,  and  sand  size,  each  In  its  own  jig,  tbe  snitable  screens  sbould  be 

.  j_j  ,.-  ...,. ..-^  unij  ^  bydraullc  separaWr  Ibr  grading  the  finest 

-■---1,  the  factor  la  below  3.70,  then  the  Jigging  of 

"     clean  work,  and  tbe  separation  wlllbe 

ost  perfect  separation,  close  sizing  must 

— 1  another,  the  more  rapid  and 


!  object  of  wsablng  coal  is  to  remove  the 

LnKinntofaebandBulphiir.    Many  forms 

B  the  slate  fiom  Mf  in  tbe  coal  to  S«  of 

«  difficult  Co  reduce  4)(  of  sulphur  In  the 

!  coke.    Sulphur  occurs  in  tbe  coal  in 

:«]clum  sulphate,  and  pyrite.   Thelirst 

:.  the  second  cannot  usually  be  removed 

lie  removal  of  tbetbiid  form  with  which 

of  water  in  the  coke  ovens  apparently 

»».n.a  u,..  .EU.U.I.,  1.  ,.u<,  O...PUU.,  but  wet  coals  require  a  longer  time  for 

coking  than  dry,  and,  therefore,  pyrite  shoald  be  removed  as  far  as  practicable 

before  charging  the  coal  Into  tbe  coke  ovens.    The  pyrite  in  coal  aa  it  comes 

ftom  the  mine  seems  to  be  in  particles  even  finer  than  those  of  the  coal  dust. 

This  impalpable  powder  or  flour  pyrites  floats  in  air  or  water.    Tbla  being 

the  case,  the  common  practice  of  using  the  water  over  and  over  again  in  a 

washery  cannot  give  tbe  best  results  In  the  removal  of  sulphur,  as  some 

flour  {vrltes  wilt  be  carried  back  each  time  and  lem^n  with  the  washed 

coal.    Experiments  made  by  Hr,  C.  C,  Uphom,  of  New  York  City,  show  that 

the  cilUcal  die  at  which  an  almost  complete  division  of  the  coal  and  pyrites 

takes  place  varies  with  coals  from  diffbreot  districts  and  beds,  and  in  laying 


OSS  DRSSSIN9  AND  PEEPASATION  OF  COAL. 

iliiritlBii  Qf  KiithriDit*.— The  method  or  preparing  anthracite  eosi  li 
y  ahown^  ^TAphicolly,  by  the  diagram  below.  Thu  eonelBte  in  screen- 
lie  coal  over  bars  and  throUKli  revolving  or  over  sbaklng  Bcreena, 
ler  with  breaMne  k  with  rolla  to  prodnee  the  required  Dutket  slie. 


DiUiBAH  BaOWIHO  HCTHOD  or   PBVABIHS  AHTBBACm  OOXL. 

The  large  lumps  of  elate  and  other  impurltieB  are  separated  by  hand  on  the 
platform  near  the  dump,  while  the  emaller  portions  are  picked  oat  by  auto- 
DuUlG  pickers  or  by  band  by  boys  or  old  men  seated  along  the  chntea  leading 
totbeBbippingpocketaorblDa.   TbesmaileralieBaracleanedbyJIcfliig. 


HANDLING  OF  COAL, 
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HANDLING   OP   MATERIAL. 

Anthraoitt  Coal.— The  following  may  be  taken  as  average  figures  for  the 
angle  or  grade  of  chutes  for  anthracite  coal,  to  be  used  where  the  chutes  are 
lined  with  sheet  steel:  For  broken  or  egg  coal,  2i  in.  per  ft.;  for  stove  or 
chestnut  coal,  3i  in.  per  ft.;  for  pea  coal,  4i  in.  per  ft.;  for  buckwheat  coal, 
6  in.  per  ft.;  for  rice  coal,  7  in.  per  ft.;  for  culm,  8  in.  per  ft. 

If  the  coal  is  to  start  on  the  chute,  1  in.  per  ft.  should  be  added  to  each  of 
the  above  figures;  while  if  the  chutes  are  lined  with  manganese  bronze  in 
place  of  steel,  the  above  figures  can  be  reduced  1  in.  per  ft.  for  coal  in 
motion,  or  would  remain  as  in  the  table  to  start  the  coal.  When  the  run  of 
mine  is  to  be  handled,  as  in  the  main  chute,  at  the  head  of  the  breaker,  the 
angle  should  be  not  less  than  5  in.  per  ft.,  or  practically  22i°  ttom  the  hori- 
zont€kl.  If  chutes  for  hard  coal  are  lined  with  glass,  the  angle  can  be 
reduced  from  3M  to  50^,  depending  somewhat  on  the  nature  of  the  coal. 
In  all  cases,  the  flatter  the  coal,  the  steeper  the  angle  must  be,  on  account  of 
the  large  friction  surfaces  exposed,  compared  with  the  weight  of  the  piece. 
If  chutes  are  lined  with  cast  iron,  the  angle  should  be  about  the  same  as 
that  employed  for  steel,  though  sometimes  a  slightly  greater  angle  is  allowed. 

The  following  table  is  printed  through  the  courtesy  of  the  link-Belt 
Engineering  Co.,  Philadelpnia,  Pa.: 

Pitch  at  Which  Anthracite  Coal  Will  Run,  in  Inches  per  Foot. 


Kind  of  Coal. 


Broken  slate 

I>ry  egg  slate 

Dry  stove  slate 

Dry  chestnut  slate 

Broken  coal 

Egg  coal 

Stove  coal 

Chestnut  coal 

Pea  coal 

Buckwheat  No.l  ... 
Buckwheat  No.2 ... 
Buckwheat  No.a... 
Buckwheat  No.4.... 


Sheet  Iron. 


Start 
on. 


Con- 
tinue 
on. 


Cast 
Iron. 


Start 
on. 


Glass. 


Start 
on. 


Con- 
tinue 
on. 


Dry. 


4* 
4| 

3J 
3i 

41 

5i 

3: 

4* 

5i 

3i 
2t 

3 

3J 

2f 

4: 

4' 

41 
41 

3 
3 

5 

6i 

8i 

3 

3 

3 

3 

2i 

2i 

2i 

2i 

2i 


Glass. 


Start 
on. 


Con- 
tinue 
on. 


Wet. 


2i 

2* 

3 

3 

3* 

3» 

4i 

4f 


it 
if 


Bltuminoua  Coal  —When  the  run  of  mine  is  to  be  handled,  the  angle  of 
the  chutes  should  be  ftom  35°  to  45°  firom  the  horizontal,  or  from  8i In.  to 
12  in.  per  ft.  If  the  coal  is  wet,  the  angle  should  always  be  steeper,  and 
coarse  coal  will  slide  on  a  flatter  angle  than  slack  or  fine  coal. 

Ore,  Rock,  Etc.— For  coarse  fairly  dry  ore,  i.  e.,  from  2  in.  or  3  in.  size  up, 
chutes  may  have  an  angle  of  45°,  or  if  the  material  is  always  to  be  in  motion, 
the  ore  will  sometimes  slide  on  40°.  For  fine  ore  or  run  of  mine,  the  chutes 
should  have  an  angle  of  50°  from  the  horizontal  or  practically  14  in.  vertical 
to  1  ft.  horizontal. 

Flumes  and  Launders.— Water  flumes  are  jriven  grades  varying  fh)m  4  or  5  to 
20  or  30  ft.  per  mile,  depending  on  the  surface  of  the  ground  and  the  amount 
of  water  to  be  carried.  Practical  results  have  demonstrated  the  fAct  that  in 
ordinary  ground  the  wator  should  travel  at  the  rate  of  ftom  180  to  200  ft.  i)er 
minuto. 

Where  rather  coarse  stuff  is  to  be  carried  through  launders  in  a  mill  with 
a  comparatively  small  amount  of  water,  an  angle  of  2  in.  per  ft.  should  be 
used.  With  an  exeess  of  water,  1  in.  per  ft.  will  be  ample.  The  spouting  for 
vanners  or  launders  fh)m  trommels  carrying  rather  fine  material  should 
have  a  grade  of  about  2  in.  per  ft.    In  placer  mining,  the  minimum  grade 
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br  the  slolce  should  not 

EiperimenM  made  tn  rtve.  „ 

20  to  1  In  2S.  60  <:u.  ft.  per  mlii,  wjU  trash  14 

No  absolutely  ilBtlnite  flgures  can  be  g 
act  that  the  nature  of  tJie  ore  plays  an  Important  p 
quartzose  ore  can  he  tranaporled  at  a  comparative!; 

neceasary  to  me  quite  a  Bleep  angle  If  the  material  fa 

contains  many  large  flat  plates,  eiposing  large  (Hotloii  mimv™  hueu  uuui- 
pared  lo  the  massortbe  jfleees. 

The  following  tables  are  printed  through  the  courtesy  of  the  Link-Belt 
Engineering  Co.,  Philadelphia,  Pa.: 


a  about  ti  in.  per  rod. 

'■hagTBdeoff^omlln 
!.  per  day  of  24  hours. 

subject,  owing  to  the 

rtant  csrt,  and  while  angular 
ratlvely  flat  angle,  it  may  be 
iterial  Ib  of  a  clayey  nature  or 


aurfkco  horlBOntall : 

Angle  of  repose  —  S5° 

d  "  height  of  wall  in  feet  or  ab 


.9 

Horizontal 

Surface. 

las 

3    __ 

orfzonta) 
Surface. 

as. 

i 

si 

p 

^1 

££ 

i  I 

1 

eE 

4 

6 

6.4 

6.4 

10 

~io~ 

26         4 

306 

326 

6.700 

510 

250 

19.0 

40 

30 

27     ; 

m 

60 

28     ; 

7,840 

550 

15^ 

] 

670 

^ 

368 

9,000 

NO 

22! 

) 

70:0 

360 

1:0 

31  ) 

32  6 

122 
«3 

389 
401 

9.610 
101240 

S 

m 

33         ( 

)35 

aw 

9 

Bie 

) 

108.0 

11,600 

070 

637 

121,0 

,000 

190 

1%SH> 

090 

Til 

S    ! 

es 

452 

12,880 

710 

12 

1,071 

169.0 

:690 

250 

38         9 

!^ 

14.M0 

710 

1.24» 

172.0 

.960 

270 

89 

«0 

770 

I.4S3 

40 

SOS 

790 

1,630 

SIO 

IT 

LM) 

aioio 

330 

"'mo 

18 

2,063 

228.0 

3,240 

850 

43 

641 

8H) 

2,291 

370 

Ki 

S70 

30 

4,000 

aolieo 

8» 

:^§0! 

4,'410 

BSD 

2CS0 

no 

8,083 

274,0 

4,840 

430 

S93 

32.0W 

no 

33 

3,S6B 

460 

oos 

&tm 

«0 

M 

3,069 

49 

618 

» 

s» 

3,981.0 

312.0 

fiiaso 

490 

asi 

«• 

Weight  of  ooal  -  <7  lb.  per  OB.  ft. 


MJjfDLnra  of  coal. 


HouiOKTAI  Fuamtu  £znm  bt  Anthbaciti  CoiLAaumrViBTicii 
Bktadhhq  Wallb  pee  Foot  or  Lebqth. 

»..'iS>.^„ 

AnEle  of  repo»e                                           ■■            J7° 
d  =  helgtit  of  waU  in  feet 

¥k 

1 


^ 

Surface. 

KS 

£ 

Hoiliont^ 
Burtoce. 

laa 

. 

bk^ 

ll 

ff! 

i 

ffi* 

fii^ 

^ 

^j 

F 

^1 

■^ 

a 

1 

^1 

fi 

^;s 

£ 

^a, 

£3 

M» 

I25H 

•"" 

li) 

HOBfllFOVIEa  roB 

CoiL  COKTITOBH  (Co 

L  iHCUJDKDl. 

Speed,  100  ft.  per  mtmite.    ConTeyois,  100  ft.  long.    Standard  iteel  Donghi. 

3^ 

'T^ 

BoriH>..ul. 

IDCUIHI. 

^ft 

r»X, 

Ia=U«i 

MwLi 

B«>«n 

B"i»> 

B«w™ 

fetiia 

a. 

)51S 

2i 

t 

5X15 

\ 

St 

i! 

^^ 

10  XM 

' 

" 

r 
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0MB  DME8SING  AND  PREPARATION  OP  COAL, 


Wbiohtb 

▲VD  Capacitibs  of 

'  Standard  Steel  Buckets. 

• 

Sise  ct  Baeket. 

Weight  of 

Backet. 

Lb. 

Capacity  of 

Backet. 

Lb. 

Capacity  of  BleTator.    100'  per  Min. 

1- 

e 

In. 

Lb.  per  Min. 

Net  Tons  per  Hr. 

Vt 

9ia 

m 

12X    9X111 

18* 

11 

1,100 

83.0 

5,357 

^ 

14X   9X1U 

22* 

12* 

1,250 

87.5 

6,357 

0 

18X   9X1U 

27 

16* 

1,650 

49.5 

5,357 

N4 

j; 

24X   9X111 

36 

22 

2,200 

66.0 

6,357 

i2xioxm 

18X10X16? 

20 

19 

1,380 

41.4 

5,357 

& 

29 

28* 

2,072 

62.2 

5,367 

1 

24XlOXl6i 

88 

38 

2,760 

82.8 

5,357 

30X10Xl6i 

46* 

47* 

3,460 

108.5 

6,357 

0 

18X12Xl6i 

31 

33 

2,400 

72.0 

5,357 

X 

24X12X161 

40 

44 

8,200 

96.0 

5.357 

30X12X16J 

48 

65 

4,000 

120.0 

6,357 

Buckets  taken  |  AiU.    Buckets  continuous.    1  lb.  of  coal  =  34  cu^in. 

Elevating  Capacities  of  Malleable  Iron  Buckets. 
Table  gives  tons  (2,000  lb.)  of  pea  coal  per  hour  at  100  ft  per  minute. 


Buckets. 

Capacities. 

V 

Distance  Between  Buckets  in  In. 

Size. 

Wt. 

Cu. 

. 

In. 

Lb. 

In. 

Lb. 

8 
2.16 

10 
L73 

12 
1.44 

14 
1.23 

16 
1.08 

18 

20 

22 

24 

21  X   4 

0.75 

15 

0.48 

3*X   6 

1.50 

31 

0.97 

4.36 

3.49 

2.91 

2.49 

2.18 

1.94 

4X6 

2.00 

61 

1.67 

7.06 

5.65 

4.71 

4.04 

3.53 

3.14 

2.83 

4*X    7 

2.56 

75 

2.33 

10.38 

8.39 

6.99 

6.99 

5.19 

4.66 

4.19   3.81 

5X8 

3.56 

102 

3.16 

11.34 

9.46 

8.10 

7.09 

6.30 

5.67   5.16 

4.72 

6   XIO 

5.47 

186 

6.73 

17.19 

14.73 

12.88ill.46 10.81!  9.38 

8.50 

7   X12 

8.97 

287 

8.90 

22.88 

20.02;i7.80 16.02 14.56 

13.35 

7    X14 

11.41 

295 

9.14 

20.56 18.28  16.45 14.95 

13.71 

10    X18 

i 

Weight  of  1  cu.  ft.  of  pea  coal  =  53.5  lb.    32.3  cu.  in.,  or  .0187  en.  ft  -- 

Conveying  Capacities  op  Pughts  at  100  Ft.  Pee  Minxttb. 
(Tons  of  Pea  Coal  per  Hour.) 


lib. 


Size 
of 

Horizontal. 

Inclined. 

10° 

20° 

ano 

Flight. 
In. 

Every 
16  In. 

Every 
18  In. 

Every 
24  In. 

Lb.Coal 

_per 

FDght 

Every 
24  In. 

Every 
24  In. 

Every 
24  In. 

4X10 
4X12 
5X12 
6X15 
6X18 
8X18 
8X20 
8X24 
10X24 

33.75 
42.75 
51.75 
69.75 

30 
38 
46 
62 
80 
120 

22.5 

28.5 

34.5 

46.5 

60.0 

90.0 

105.0 

135.0 

172.5 

15 
19 
23 
31 
40 
60 
70 
90 
115 

18.0 
24.0 
28.5 
40.5 
49.5 
72.0 
84.0 
120.0 
150.0 

14.25 
18.00 
22.50 
31.50 
40.50 
57.00 
66.50 
96.00 
120.00 

10.5 
13.5 
16.5 
22.5 
81.5 
48.0 
66.0 
72.0 
90.0 

Note.— These  ratings  are  for  continuous  feed.    2,000  lb.  =»  1  ton. 


BANDLINQ  OF  COAL. 
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HOBSBPOmCB  FOB  BUCKET  BLBVATOBS. 


H.P.  =-  NX 


Hvi 


N=  number  taken  from  table; 


height  of  elevator  in  feet; 
weight  of  material  in  one  bucket; 
distance  apart  of  buckets,  in  inches. 


Revolu- 

Diameter of  Head- Wheels. 

Revolu- 

tions 

tions 

per 
Minute. 

22  In. 

24  In. 

26  In. 

28  In. 

80  In. 

82  In. 

Der 
Mimike. 

• 

10 

.064 

.070 

.075 

.080 

.087 

.093 

10 

12 

.077 

.063 

.090 

.097 

.104 

.111 

12 

14 

.089 

.096 

.106 

.114 

.121 

.130 

14 

16 

.102 

.111 

.121 

.130 

.140 

.148 

16 

18 

.115 

.125 

.136 

.146 

.157 

.167 

18 

20 

.128 

.189 

.151 

.162 

.174 

.186 

20 

22 

.140 

.153 

.166 

.179 

.191 

.204 

22 

24 

.163 

.167 

.181 

.195 

.209 

.223 

24 

26 

.166 

.181 

.196 

.211 

.226 

.242 

26 

28 

.179 

.195 

.211 

.227 

.244 

.260 

28 

80 

.191 

.209 

.226 

.244 

.261 

.279 

80 

82 

.204 

.223 

.241 

.260 

.278 

.297 

82 

34 

.217 

.237 

.256 

.276 

.296 

.316 

34 

86 

.230 

.251 

.271 

.292 

.313 

.334 

36 

88 

.242 

.265 

.287 

.309 

.381 

.353 

38 

40 

.255 

.279 

.802 

.325 

.318 

.372 

40 

COST  OP  UNLOADING  COAL. 

Coal  is  generally  unloaded  firom  railroad  cars  into  the  hold  of  a  vessel  bv 
some  form  of  unloader,  w^ch  usually  raises  the  car  bodily  and  dumps  it 
directly  into  the  hold  of  the  vessel.  In  this  way  the  cost  of  unloading  has 
been  reduced  to  a  very  small  figure,  and  the  speed  of  unloading  greatly 
increased.  The  cost  of  unloading  is  given  by  the  makers  of  the  Brown  hoist 
as  varying  from  2^  cents  per  ton  up  to  4i  cents  per  ton;  deducting  in  each 
case  2  cents  for  trimming  the  coal  in  the  vessel,  the  actual  cost  of  loading 
varies  from  i  cent  to  2\  cents  per  ton,  depending  on  the  conditions.  Alons 
the  Lakes  it  is  customary  to  pay  a  premium  of  i  cent  per  ton  to  all  connected 
ivith  the  loading,  for  all  coal  loaded  in  excess  of  2,500  tons  per  day  and  1,800 
tons  per  night.  The  Brown  hoist  has  a  guaranteed  capacity  of  at  least  300 
tons  per  hour,  but  this  has  been  greatly  exceeded  in  practice.  The  McMyler 
end  dump  has  a  record  of  4.65  tons  per  minute,  and  the  McMvler  side  dump 
of  8.41  tons  per  minute.  These  figures  apply  to  the  lake  cities  of  the  U.  8. 

The  C.  W.  Hunt  Co.,  West  New  Brighton,  N.  Y.,  gives  the  following 
figures  for  handling  coal  along  the  Atlantic  seaboard:  The  cost  of  shoveling 
coal  by  hand  in  the  hold  of  the  vessel  into  ordinary  iron  buckets  is  about  6 
to  7  cents  per  ton  of  2,000  lb.;  the  cost  for  iron  ore,  phosphate  rock,  or  sand, 
about  10^  less.  The  cost  of  shoveling  coal  and  hoisting  it  out  of  vessel  to  the 
wharf  with  an  ordinary  hoist  with  manila  rope  is  12  to  13  cents  i>er  ton,  so 
that  the  hoisting  costs  about  the  same  as  the  shoveling.  The  cost  for  both 
shoveling  and  hoisting  with  a  steam  eneine  is  10  to  11  cents  per  ton.  The 
cost  when  using  a  steam  shovel  or  grab  bucket  for  taking  up  coal  out  of  the 
vessel  varies  greatly  in  different  classes  of  vessels,  but  usually  runs  from 
about  It  to  5  cents  per  ton,  averaging  about  3  cents.  After  the  coal  is 
hoisted,  it  can  be  carried  into  storage  with  an  automatic  railway  or  other 
efficient  plant,  at  a  cost  of  about  1  to  li  cents  per  ton.  For  great  distances,  a 
cable  railway  or  a  conveyor  can  be  used,  which  bandies  the  material  about 
as  cheaply  as  for  short  distances,  but  the  cost  of  plant  is  greatly  increased. 

In  unloading  anthracite  from  cars  on  a  trestle  into  pockets  or  on  the 
sTOund,  the  loss  on  all  sizes  is  2  to  3^  when  the  coal  is  not  resized;  when  it 
us  resized  the  loss  is  8i  to  9^. 


The  cost  of  itoetlng  ukd  nnloadlng  knthradte  by 
glvea br  Ml. Ptes,  "Hineauid  Ujnenli,"  June,  189S,  I 
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■RIQUCTINO. 

E-ji—     ^^  duBt,  and  oth( 

bya  number  01  Mflferent  styleB  of  machines,  ta_. ^ 

Into  two  cluaefl,  btlqtiet  ana  e»ette  machlneH.  The  eggette  macUacH  have 
a  pati  ofrollera,  the  Bcee  ol  wMch  are  proTlded  with  aemlBphehcal  or  aemi- 
ovold  Qpenings.  The  malerial  that  U  fed  between  theae  ro11>  crowds  Into 
the  opening!  of  the  two  rolls,  thus  fonuiDB  small  apheres.  The  materia]  ii 
mixed  with  a  sullahle  bond  before  being  fed  lo  the  rolls,  and  Uie  eggettea  an 
received  on  any  suitable  form  of  traveling  belt  or  chute  and  removed  Ibr 
drTine  or  stoiage.  This  style  of  nutchine  has  not  been  used  to  an;  great 
extent  in  Uiis  country.  The  briquetiDK  machines  all  act  more  or  lea  on  Uie 
pdncipie  of  the  brick  machine,  hnvlng  some  kind  of  a  die  or  mold  into 
wliich  the  material  Is  crowded.  The  material  is  either  pressed  aa  it  is  being 
fed  Into  the  mold  or  subsequently  by  some  form  of  plunger.  For  some 
materials,  common  brick  mochinea.  such  as  are  uaed  in  the  manu- 
facture of  building  brick,  are  employed,  while  in  others  special  fonna  are 
oecesaary. 

Brtasstlnf  of  FhI.— Fuel  briqueta  have  not  come  into  general  oae  In  the 
United  Slates  for  two  reasons:  (1)  on  account  of  the  great  amount  of  cheap 
fuel  available,  which  has  prevented  the  utilinticm  iM  enlm.  eoal  dost,  etc: 
and  (2)  onaccountof  the  lack  ofor  high  price  of  sultablebondincmatoial. 
This  latter  condition  is  now  being  lemoved  by  the  InttDdacUim  Of  by-prodnet 
coke  ovens.  fw>m  which  suppllesof  coal  tar  can  be  obtained.  Adde  horn  peal 
and  certain  kinds  of  brown  cool,  and  possibly  some  caking  coals.  It  Is  neees- 
■aryro  employ  a  bond  in  the  mating  of  any  AielbtlquetL  Thli  Is  aqiecially 
true  in  the  case  of  anthracite  ooal  The  present  tendency  Is  to  employ  no 
inorganic  bonding  materials,  aa  theylncreue  the  ash.  The  nt'* — '*'  *-'- 
v_i ..J  -'■-■ jidbe  as  ol "  *      *        


brioneted  st 


IS  clean  and  tne  fMm  ^rt  or  slate  as  pc 


le  matoial  u 


I  as  poollde,  ai 

satu&ctor)' HodDet 

. .  _.  J  eoal  mnst  he  thor- 

oughiT  mixed  with  bonding  material  and  then  subjected  to  a  heavy  weanire. 
One  sdvantage  claimed  for  briqnets  is  that  they  can  be  made  of  sooi  a  form 
B«  to  oeoupy  leaa  apace  than  the  original  toeL    The  French  nary  bai  fbimd 


ertlcles  should  be  of  praeHeaJly  anifbnn  size,  the 
Ing  trom  coal  crushed  to  about  tin.  cnbe  slse.    The  coal 
oughiy  mixed  with  bonding  material   ~  '"        "      ' 


m.  and  the  flillowina 

Bts:   They  are  soono 

DlOK.  thus  ledQdng  the 

T%e  bond.  If  proiMiij 


__  looeoupyleaaBpacethanthe  origlnalta...    

it  possible  to  More  I0)(  more  briquets  than  coal  In  a  riven  _, 

that  (he  loss  by  breal^ge  and  pulverisation  Is  very  much  leas.   Dnder  favor- 
able condition^  fhel  can  belnlqnetedforSDcenlsperton.andthefl  " 
are  some  of  the  advantagea  claitned  Ibr  these  bnquets:   They  ai 
throughout  and  will  not  decreidtale  while  bominK.  "-"-  — '— 

losa  by  fine  material  working  through  the  grates.   Tm ,.., , 

selected.  rendetB  the  briquets  practically  waterproof,  an  that  thejr  are  not 
injured  If  kept  In  ston^^.  do  not  evolve  combustible  gases,  nor  Ignite  (torn 
spontaneous  combuation.    There  is  no  fine  material  mixed  with  the  briquet^ 

and  hence  e ■' —  "—  —  ■- ■---■- -^  — '-■-  -■- — 

■rtaaitinf  or  i-iis  Dsst- 
ceaafully  briqueled  in  a  m 

brick  machine,  making  bi _  ^  — 

they  mil  the  Que  dust  with  ^  of  lime  and  B*  of  cement,  the  lime  acting  as 
a  flux  In  the  fumace.  TTiese  machines  work  with  comparattvel*  Ugfat  pna- 
sure.    When    regular  brlquetlhg  machines,  producing  roond   Diloki  and 


a  fire  can  be  m 


.    One  arm  en 
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employing  high  preBsoies  are  employed*  no  cement  need  be  used,  the  fine  dust 
being  mixed  witn  ^  to  6j(  lime.  The  flue  dust  is  first  caref\iUy  screened  from 
hard  lumps  and  then  mixed  warm  with  milk  of  lime  in  a  mixer,  after 
which  it  is  put  through  the  press,  and  the  briquets  are  then  placed  in  dijing 
ovens  and  subjected  to  heat  A:om  the  gases  of  a  boiler  or  fUmace  plant, 
the  temperature  not  to  exceed  300°  F.  For  moderate  sized  briquets,  about 
6  hours'^  drying  is  sufficient.  Just  before  the  briquets  are  quite  dry,  they 
are  loaded  into  barrels  and  taken  direct  to  the  blast  furnace,  with  as 
little  handling  as  possible.  The  results  have  been  very  satisfactory  com- 
pared with  the  ore  replaced.  The  flue  dust  itself  frequently  contains  80^  to  40^ 
metallic  iron  and  more  or  less  carbonaceous  matter.  It  Is  also  stated  that  at 
a  large  fUrnace  plant  the  cost  of  making  and  handling  should  not  exceed 
$1  per  ton. 

Another  firm,  figuring  on  a  basis  of  130  tons  per  24  hours,  and  using  3)( 
lime  in  the  solution,  gave  the  following  figures: 

4  ions  lime,  98.00  per  ton 112.00 

2  machine  tenders  (day  and  night),  12  hours,  at  92.50 5.00 

2  laborers  (day  and  night),  12  hours,  at  91.75 8.50 

Oil  and  waste  2.00 

Wear  on  machinery 1.50 

Interest  on  cost  of  plants 1 1.00  925.00 

This  is  less  than  20  cents  per  ton.  This  estimate  does  not  take  into  con- 
sideration the  cost  of  power,  which  would  be  about  85  H.  P.,  nor  does  it  take 
into  consideration  hauling  of  material  to  plant  and  removing  of  briquets. 

Cubic  Feet  Occtjpibd  by  2,000  Pounds  of  Various  Coalb. 
{Link'Bdt  Engineering  Co.,  PhiladelpMa,  Fa.) 


Varieties. 


Lackawanna,  anthracite 

Garfield  red  ash,  anthracite  .. 
Lykens  Valley,  anthracite  .... 

Snamokin,  anthracite  

Plymouth  red  ash,  anthracite . 

Wilkes-Barre,  anthracite 

Lehigh,  anthracite 

Lorberry,  anthracite 

Scranton,  anthracite 

Pittston,  anthracite   


Broken. 

Egg. 
86.65 

Stove. 

37.10 

84.90 

87.30 

36.95 

86.35 

87.55 

37.25 

37.55 

38.05 

37.70 

37.25 

84.90 

34.85 

34.75 

84.d5 

34.35 

38.75 

88.30 

33.80 

33.55 

34.65 

34.20 

83.80 

35.35 

35.20 

34.60 

85.45 

34.95 

34.35 

Chestnut. 


84.35 
36.35 
87.25 
87.25 
34.70 
34.00 
82.55 
83.55 
33.80 
33.70 


Pea. 


37.25 
37.50 
38.50 
88.50 
86.90 
36.90 
33.05 
35.20 
34.95 
85.50 


Cumberland,  bituminous. 
Clearfield,  bituminous  .... 
New  Biver,  bituminous.... 


36.65 
33.55 
40.15 


Pocfihontas,  bituminous 

American  cannel,  bituminous 
English  cannel,  bituminous.. 


34.00 
41.50 
42.30 


TREATMENT  OF  INJURED  PERSONS. 

The  dangers  to  be  feared  in  case  of  wounds,  are:  shock  or  coUapte,  lot$  qf 
blood,  and  unnecessary  suffering  in  the  moving  of  the  patient. 

In  shock,  the  injured  person  lies  pale,  faint,  and  cold,  sometimes  insen- 
sible, with  reeble  pulse  and  superficial  breathing.  The  cause  of  death  in 
case  of  a  shock  is  arrest  of  heart  action,  produced  by  the  suspension  of  the 
ftmctions  of  the  brain  and  spinal  cord.  In  treatment,  the  two  most  import- 
ant parts  are:  (1)  the  position  of  the  injured  person;  (2)  the  application  of 
external  warmth. 

The  injured  person  should  at  once  be  placed  in  a  recumbent  position,  his 
head  resting  on  a  plane  lower  than  that  of  his  trunk,  le^,  and  feet.  He 
should  be  well  wrapped  up  and  protected  from  the  chilling  influences  of 
external  air.  When  there  is  danger  of  immediate  death,  stimulants  should 
be  given:  in  all  other  conditions  of  shock,  stimulants  are  injurious. 

Uta  of  Hood.— In  case  of  loss  of  blood,  two  conditions  present  themselves: 
(1)  The  bleeding  js  arrested  spontaneously  or  otherwise,  but  the  injured 
pennon  presents  all  the  symptoms  of  loss  or  blood;  (2)  the  Injured  person  is 
actually  bleeding,  and  he  is.  or  is  not,  suffering  from  loss  of  blood. 

In  the  first  condition,  lite  is  threatened  by  anemia  of  brain  and  spinal 
cord,  and  all  the  efforts  of  treatment  are  to  direct  the  fiow  of  whatever 
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quantity  of  blood  may  still  remain  in  the  body  to  the  Tital  centers  in  the 
brain  and  spinal  cord.  This  is  most  efficiently  done  by  placing  the  ii\jured 
person  in  a  recumbent  position,  with  his  head  resting  on  a  plane  somewhat 


ite^ 


Fig.  1. 


Fig.  2. 


lower  than  that  of  his  trunk  and  legs.  In  graver  cases,  constricting  bands 
should  be  applied  to  both  arms,  as  near  me  shoulders  as  possible,  and  to 
both  thighs,  as  near  the  abdomen  as  possible.  This  last  maneuver  directs 
the  entire  quantity  of  blood  in  the  body  to  the  suffering  centers,  the  centers 
of  life  itselr.    Stimulants  may  be  sparingly  administered. 

If  there  is  bleeding,  do  not  try  to  stop  it  by  binding  up  the  wound.  The 
current  of  blood  to  the  part  must  be  checked.  To  do  this,  find  the  artery,  by  its 
beating;  lay  a  firm  and  even  compress  or  pad  (made  of  cloth  or  ran  rolled 
up.  or  a  round  stone  or  pfece  of  wood  well  wrapped)  over  the  artery 
(Fig.  1) .  Tie  a  handkerchief  around  the  limb  and  compress;  put  a 
bit  of  stick  through  the  handkerchief  and  twist  the  latter  up 

until  it  is  just  tight  enough  to  stop  the  bleed- 
ing; then  put  one  end  of  the  stick  under 
the  handkerchief,  to  prevent  untwisting, 
as  in  Fig.  2. 

The  artery  in  the  thigh  runs  along  the 
inner  side  or  the  muscle  in  front  near  the 
bone,  as  shown  by  dotted  line  in  Fig.  3. 
A  little  above  the  knee  it  passes  to  the 
back  of  the  bone.  In  injuries  at  or  above 
the  knee,  apply  the  compress  hiffher  up. 
on  the  inner  side  of  the  thigh,  at  the  point 
P,  Fig.  8,  with  the  knot  on  the  outside  of 
the  thigh. 

When  the  leg  is  ii^ured  below  the 
knee,  apply  the  compress  at  the  back  of 
the  tnign,  Just  above  the  knee,  at  P,  Fig.  4, 
and  the  knot  in  front,  as  in  Figs.  1  and  2. 
The  artery  in  the  arm  runs  down  the  inner  side  of  the  large  muscle  in 
front,  quite  close  to  the  bone,  as  shown  by  dotted  line;  low  down  it  is  farther 
forwards,  towards  the  bend  of  the  elbow.  It  is  most  easily  compressed  a 
little  above  the  middle,  at  P,  Fig.  5.  Care  should  be  taken  to  examine  the 
limb  frt)m  time  to  time,  and  to  lessen  the  compression  if  it  becomes  cold 
or  purple;  tighten  up  the  handkerchief 
again  if  the  bleeding  begins  afresh. 

To  Transport  •  Wounded  Ptrson  Comfortably. 
Make  a  soft  and  even  bed  for  the  injured 
part,  of  straw,  folded  blankets,  quilts,  or 


Fig.  3. 


Fio.  4. 


Fig.  5. 


Fio.  6. 


pillows,  laid  on  a  board  with  side  pieces  of  board  nailed  on,  when  this  can 
be  done.  If  possible,  let  the  patient  be  laid  on  a  door,  shutter,  settee,  or 
some  firm  support,  properly  covered.  Have  sufficient  force  to  lift  him 
steadily,  and  let  those  that  bear  him  not  keep  step. 

Should  anv  important  arteries  be  opened,  apply  the  handkerchief,  t> 
recommended.    Secure  the  vessel  by  a  surgeon's  dressing  forceps,  or  by  a 
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hook,  then  have  a  silk  ligature  pat  around  the  vessel,  and  tighten.  Should 
the  Ueeding  be  from  arterial  vessels  of  small  size,  apply  perttUphcUe  of  iron, 
either  in  tincture  or  in  powder,  by  wetting  a  piece  ofllnt  or  sponge  with  the 
solution;  then,  after  bleeding  ceases,  apply  a  compress  against  tne  narts,  to 
sustain  them  during  the  application  of  the  persulphate  of  iron,  ana  to  pre- 
vent Airther  bleeding,  should  it  occur.  The  persulphate  of  iron  should  be 
kept  in  or  about  all  working  places. 

Bletdlng  Frtm  SmIp  Wovnda.— A  pad  or  compress  is  placed  immediately 
before  the  ear,  over  the  region  marked  by  a  dotted  line.  Fig.  6.  The  com- 
press is  firmly  secured  by  a  nandkerchief.  If  this  does  not  arrest  bleeding,  a 
similar  compress  on  the  opposite  side  should  be  applied.  Should  the  bleed- 
ing issue  from  a  wound  of  the  posterior  or  back  part  of  the  head,  a  compress 
should  be  placed  behind  the  ear,  over  the  region  marked  by  the  dotted  line, 
Fig.  6,  ana  firmly  secured  by  a  handkerchief  or  bandage. 

TRCATMCNT  OP   PERSONS  OVCRCOMC    BY  OA8. 

Miners  are  exposed  to  asphyxia  when  the  circulation  of  the  air  is  not  sof- 
ficiently  active,  when  the  mine  exhales  a  quantity  of  deleterious  gas,  when 
they  imprudently  penetrate  into  old  and  abandoned  workings,  and  when 
there  is  an  explosion. 

The  symptoms  of  asphyxia  are  sudden  cessation  of  the  resi)iration,  of  the 
pulsa^ons  of  the  heart,  and  of  the  action  of  the  senses;  the  countenance  is 
swollen  and  marked  with  reddish  spots,  the  eyes  are  protruded,  the  features 
are  distorted,  and  the  face  is  often  livid,  etc. 

The  best  and  first  remedy  to  emplov,  and  in  which  the  greatest  confidence 
ought  to  be  placed,  is  the  renewal  of  the  air  necessary  for  respiration. 
Proceed  as  follows: 

1.  Promptly  withdraw  the  asphyxiated  person  ftom  the  deleterious  place 
and  expose  nim  to  pure  air. 

2.  Loosen  the  clothes  round  the  neck  and  chest,  and  dash  cold  water 
in  the  face  and  on  the  chest. 

3.  Attempts  should  be  made  to  irritate  the  mucous  membrane  with  the 
feathered  ena  of  a  quill,  which  should  be  gently  moved  in  the  nostrils  of  the 
insensible  person,  or  to  stimulate  it  with  a  bottle  of  volatile  alkali  placed 
under  the  nose. 

4.  Keep  up  the  warmth  of  the  body,  and  apply  mustard  plasters  over  the 
heart  and  around  the  ankles. 

5.  If  these  means  fail  to  produce  respiration,  Doctor  Sylvester's  method 
of  producing  artificial  respiration  should  oe  tried  as  follows: 

Place  the  patient  on  the  back  on  a  flat  surface,  inclined  a  little  upwards 
from  tile  feet;  raise  and  support  the  head  and  shoulders  on  a  small  firm 
cushion  or  folded  article  of  dress  placed  under  the  shoulder  blades.  Draw 
forwards  the  patient's  tongue  ana  keep  it  projecting  beyond  the  lips;  an 
elastic  bai\d  over  the  tongue  and  under  the  cnin  \)dll  answer  this  purpose,  or 
a  piece  of  string  or  tape  may  be  tied  around  them,  or  by  raising  the  lower 
jaw  the  teeth  may  be  made  to  retain  the  tongue  in  that  position.  Remove 
all  tight  clothing  from  about  the  neck  and  chest,  especially  the  suspenders. 
Then  standing  at  the  patient's  head,  grasp  the  arms  just  above  the  elbows, 
and  draw  the  arms  gently  and  steadily  upwards  above  the  head,  and  keep 
them  stretched  upwards  for  2  seconds  (by  this  means  air  is  drawn  into  the 
lungs).  Then  turn  down  the  patient's  arms  and  press  them  gently  and 
firmly  for  2  seconds  against  the  sides  of  the  chest  (by  this  means  air  is  pressed 
out  of  the  lungs).  Repeat  these  measures  alternately,  deliberatelv,  and  per« 
severingly  about  15  times  in  a  minute,  until  a  spontaneous  effort  to  respire 
is  perceived,  immediately  upon  which  cease  to  imitate  the  movements  of 
breathing,  and  proceed  to  induce  circulation  and  warmth. 

6.  To  promote  warmth  and  circulation,  rub  the  limbs  upwards  with  firm, 
grasping  pressure  and  energy,  using  handkerchiefs,  flannels,  etc.  Apply  hot 
flannels,  bottles  of  hot  water,  heated  bricks,  etc.  to  the  pit  of  the  stomach, 
the  arm  pits,  between  the  thighs,  and  to  the  soles  of  the  feet. 

7.  On  the  restoration  of  life,  a  teaspoonfUl  of  warm  water  should  be  given, 
and  then,  if  the  power  of  swallowing  lias  returned,  small  quantities  ofwine, 
warm  brandy  and  water,  or  coffee  should  be  administered. 

8.  These  remedies  should  be  promptly  applied,  and  as  death  does  not 
certainly  appear  for  a  long  time,  they  ought  only  to  be  discontinued  when  ft 
is  clearly  confirmed.  Absence  of  the  pulsation  of  the  heart  is  not  a  sure  sign 
of  death,  neither  is  the  want  of  respiiation. 

Id 
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Coal  Dbalbbs'  Compxtting  Tablb,  fob  Ascbbtaininq  ths  Fbicb  op  Ant 
Number  of  Pounds,  at  a  Given  Price  per  Ton  of  2,000  Pounds. 
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TABLE  OF  NATURAL  SINES,  COSINES, 
TANGENTS,  AND  COTANGENTS. 


EXPLANATION. 

OWen  an  anfte.  to  find  Its  sina,  ooslna,  tangant,  and  ootangant: 

Example.— Find  the  sine,  cosine,  tangent,  and  cotangent  of  87<*  24'. 

Look  in  the  table  of  natural  sines  along  the  tops  of  the  pages,  and  find  ST^'. 
Glancing  down  the  left-hand  column  marked  (').  until  24  is  found,  find 
opposite  this  24  in  the  column  marked  sine  and  headed  87°,  the  number 
.60738;  then  .60738  =  sin  37<'  24'.  Similarly,  find  in  the  column  marked 
cosine  and  headed  37^  the  number  .79441,  which  corresponds  to  cos  37*^  24\ 
So,  also,  find  in  the  column  marked  tangent  and  headed  37<',  and  opposite  24'. 
the  number  .76456;  and  in  the  column  marked  cotangent  and  headed  37°,  and 
opposite  24',  the  number  1.30795. 

in  most  of  the  tables  published,  the  angles  run  only  fh>m  0°  to  45°  at  the 
heads  of  the  columns;  to  find  an  angle  greater  than  45°,  look  at  the  bottom  of 
the  page  and  glance  upwards,  using  the  extreme  right-hand  column  to  find 
minuteSt  which  begin  with  0  at  the  bottom  and  run  upwards,  1,  2, 3,  etc^ 
up  to  60. 

Example.— Find  the  sine  of  77°  43'. 

Look  along  the  bottom  of  the  tables  until  the  column  marked  sine  and 
marked  77°  is  found.  Glancing  up  the  column  of  minutes  on  the  right  until 
43'  is  found,  find  opposite  43'  in  the  column  marked  sine  at  the  bottom  and 
marked  77°,  the  number  .97711;  this  Is  the  sine  of  77°  43'.  Similarly,  the 
cosine,  tangent  and  cotangent  may  be  found. 

To  find  the  sine,  cosine,  tangent,  or  cotangent  of  an  angle  whose  exact 
value  is  not  given  in  the  table: 

Rnla.— jF%nd  in  the  table  the  sine,  cosine,  tangent,  or  cotangent  corresponding 
to  the  deqrees  and  minutes  of  the  angle. 

For  the  seconds,  find  the  difference  of  the  values  qf  the  sine,  cosine,  tangent,  or 
cotangent  taken  from  the  tableoetween  which  the  seconds  of  the  angle  faU;  multiply 
this  aifference  by  a  fraction  whose  numerator  is  the  number  of  seconds  in  the  given 
at^le  and  whose  denominator  is  60. 

Jf  sine  or  tangent,  add  this  correction  to  the  value  first  found;  if  cosine  or 
cotangent,  subtract  the  correction. 

Example.— Find  the  sine,  cosine,  tangent,  and  cotangent  of  56°  43'  17". 

Sin  56P  43'  =  .83597.  Sin  56°  44'  =-  .83613.  Since  56P  ^'  17"  is  greater  than 
66P  43'  and  less  than  56°  44',  the  value  of  the  sine  of  the  angle  lies  between 
.83597  and'.83613;  the  difference  equals  .83613  —  .83597  =  .00016;  multiplying 
this  by  the  ftaction  «,  .00016  X  U  =  .00005,  nearly,  which  is  to  be  added 
to  .83597,  the  value  first  found,  or  .83597  +  .00005  =  .83602.  Hence,  sin 
56°  43'  17"  =  .83602. 

Cos  56°  43'  =  .54878;  cos  56°  44'  =  .64854;  the  difference  equals  .54878 
—  .54854  =  .00024,  and  .00024  X  iJ  =  .00007,  nearly.  Now,  since  the  cosine  is 
desired,  we  must  subtract  this  correction  frova.  cos  56^  43',  or  .54878;  subtract- 
ing, .54878  —  .00007  =  .54871.    Hence,  cos  56°  43'  17"  =  .54871. 

Givan  tha  sina,  ootlna,  tangant,  or  cotangant,  ta  find  tha  angia  Gorrasponding: 

Example.— The  sine  of  an  angle  is  .47486;  what  is  the  angle  ? 

Consulting  the  table  of  natural  sines,  glance  down  the  columns  marked 
sine  until  .47486  is  found,  opposite  21'  in  the  left-hand  column  and  under  the 
colynm  headed  28°.  Therefore,  the  angle  whose  sine  =  .47486  is  28°  21',  or 
Bin  28°  21'  =  .47486. 

To  find  the  angle  corresponding  to  a  ^ven  sine,  cosine,  tangent,  or 
cotangent  whose  exact  value  is  not  contained  in  the  table: 

Rula.— JJ'ind  the  difference  of  the  two  numbers  in  the  table  between  which  the 
given  sine,  cosine,  tangent,  or  cotangent  falls,  and  use  the  number  of  parts  in  this 
difference  as  the  denominator  of  a  fraction. 
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Find  the  difference  between  the  number  belonging  to  the  tmaUer  angle  and  (he 
given  sine^  cosine,  tangent,  or  cotangent,  and  uae  the  number  of  parts  in  the  dif- 
ference just  found  as  the  numerator  qf  the  fraction  mentioned  above.  Multiply 
this  fraction  by  60,  and  the  result  wiU  oe  the  numl)€r  qf  seconds  to  be  added  to  the 
smaller  angle. 

Example.— Find  the  an^le  whose  sine  equals  .67698. 

Looking  in  the  table  of  natural  sines,  in  the  column  marked  si$^e,  it  is 
found  between  .57691  =  sin  35°  14'  and  .57715  =  35°  15'.  The  difference 
between  them  is  .57715  —  .57691  =  .00024,  or  24  parts.  The  difference  between 
the  sine  of  the  smaller  angle,  or  sin  35°  14'  =  .57691,  and  the  given  sine,  or 
.57698,  is  .57698  —  .57691  =  .00007.  or  7  parts. 

Then,  A  X  60  -  17.5",  and  the  angle  =  35°  14'  17.6",  or  sin  35°  14'  17.6" 
-  .57698. 

The  cosecant  of  an  angle  is  equal  to  the  reciprocal  of  its  sine,  and  the 
secant  is  equal  to  the  reciprocal  oi  its  cosine.  Hence,  to  multiply  a  quantity 
by  the  cosecant,  divide  it  by  the  sine;  or,  to  divide  it  by  the  cosecant, 
multiply  it  by  the  sine.  Similarly,  to  multiply  a  quantity  by  the  secant  of 
an  angle,  divide  it  by  the  cosine;  or,  to  divide  it  by  the  secant,  multiply  it 
by  the  cosine. 
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LOGARITHMIC  TABLES. 


For  detailed  dlrecUooB  ai 


DriogartthmisGe  page  22. 

igoaomelric  FuncUonB, 
I,  and  tbe  number  of  m 


the  liiteT.  aiid  ander  Ibe  proper 

Ine,  taDeent,  or  cotangent. 

■■t  ir  Cttipnit  rf  in  lkii|l«  Frsm 

'  Trlgnnometrlc  Functions.  And 

pue,  and  tbe  number  of  minutes 

poat«  the  latter,  and  above  the 

ae,  codne,  Uui^at.  or  cotangent. 

jli  CantilnlRf  Diitmi.  HIiHtM,  **< 

Sioondi. — Find  the  logarithm  fbr  Uie  d^rew  and  mlnntee  in  the  manner  given 

aboie,  then  from  the  coluum  beaded  "d."  take  tbe  number  next  below  ths 

locniithm  thug  foand:  under  the  heading  "P.  P.,"  find  a  colamn  headed  by 

Ibunnmlier,  and  find  In  Oit  oalnmn  tbe  nomber  oppoilte  the  given  number 

of  teoanda:  add  It  to  the  logarithm  already  Smnd  for  the  degreea  and  min- 

al«i.   If  toe  exact  number  of  nconda  la  not  elTen  under  "P.  P.,"  tlia 

proper  valnee  may  be  fOiuid  by  interpolating  Gatween  the  v^nes  given. 

Since  the  dl&ferenoea  in  the  column  headed  ■'d."  repceMnt  dlSbrencea  cor^ 

responding  to  BO  aoWDda,  the  amount  to  be  added  after  the  logarithm  of  the 

daneea  add  mlnntea  liaa  been  found  may  be  olitained  li;  muiuplylng  the 

difference  by  the  number  of  seoonds.  and  dividing  the  resall  by  w. 

The  oolnmna  headed  "Cpl.  a"  and  "Cpl,  T."  onpagea492~tB4  can  lie  uaed  to 
flndlogarlthmiof  anglea  including  seconds  len  than  8°  and  greater  than  86°. 


Reduce  the  d«TQes.  mlnnte&  and  leconda  to  aeconda,  and  nse  ibe  folloirlng 
formulas,  fubMltu  ting  for  Cpl.  8.  and  Cpl.  T.  the  values  given  In  Ibe  table,  anil 
for  B.  and  T.,  the  difference  between  10  and  Cpl.  B.  and  Cpl.  T.  as  given. 

For  angle*  Ua  lAan  Ifi,  log  -"-  -        ' —  -•■■=.    i —  ■ > — 

+  T.;  log  ootg  a  —  Cpl.  log  «" 


l.T.thevaluesgl 

__andCp'  "       '^'■ 

,   „pl.  T.  =  Cpl.  log  tang  «:  Ii 
I.T.  =  Cpl.logootga  +  C^T. 


Cpl.  Tr^  Cpi;  iSg  t^i^  .j'fog  , 

-,--        -„ ,-    .   -f-T.  =  Cpl.logootga 

angltt  grealer  than  86°.  log  cos  a  =  liw  (9CP  — 


log  COB  a  =  log  (SCP  — •)"  +  a.;  log  cot*  ■ 
a  —  Cpl.  log  [«°  -  .)"  +  Cpl.  T.  -  CplTlu 
w  .  +  epl.  I,  -  logcotg  a  +  Cpl.  T.  -  Cil 


=  log(W-i.)"  +  T.;  logl  . 
ootg  •;  log  (900-.)"-^  logt 
log  lang  ■  +  Cpl.  T.      ,  

COMMON    LOGARITHMS   OF   NUMBERS. 


No. 

Lot- 

No. 

LOK 

No. 

Log. 
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772 

777 

782 

787 

792 

797 

867 

802 

807 

812 

817 

822 

827 

832 

837 

842 

847 

868 

852 

857 

862 

867 

872 

877 

882 

887 

892 

897 

869 

870 

871 

902 

907 

912 

917 

922 

927 

932 

937 

942 

992 

^7 

m. 

952 

957 

962 

967 

972 

977 

982 

987 

997 

94  002 

007 

012 

017 

022 

027 

032 

037 

042 

047 

9 

872 

052 

057 

062 

067 

072 

077 

082 

086 

091 

096 

1 

0.6 

873 

101 

106 

111 

116 

121 

126 

131 

136 

141 

146 

2 
• 

1.0 
1  ft 

874 

151 

156 

161 

166 

171 

176 

181 

186 

191 

196 

4 

2.0 

875 

201 

206 

211 

216 

221 

226 

231 

236 

240 

245 

6 

2.6 

876 

250 

255 

260 

265 

270 

275 

280 

285 

290 

295 

6 

3.0 

877 

300 

305 

310 

315 

320 

325 

330 

335 

340 

345 

7 

S.6 

878 

349 

354 

359 

364 

369 

374 

379 

384 

389 

394 

8 
g 

4.0 

A.  K. 

879 

880 

881 

399 

404 

409 

414 

419 

424 

473 
522 

429 

433 

438 

443 

448 

453 

458 

463 

468 

478 

483 

488 

493 

498 

503 

507 

512 

517 

527 

532 

537 

542 

882 

547 

552 

557 

562 

567 

571 

576 

581 

586 

591 

883 

596 

601 

606 

611 

616 

621 

626 

630 

635 

640 

884 

645 

650 

655 

660 

665 

670 

675 

680 

685 

689 

885 

694 

699 

704 

709 

714 

719 

724 

729 

734 

738 

4 

886 

743 

748 

753 

758 

763 

768 

773 

778 

783 

787 

887 

792 

797 

802 

807 

812 

817 

822 

827 

832 

836 

1 

0  4 

888 

841 

846 

851 

856 

861 

866 

871 

876 

880 

885 

2 

0.8 

889 

890 

891 

890 

895 

900 

905 

910 

915 

963 

*012 

919 

924 

929 

934 

S 

4 
5 
6 
7 

1.2 
1.6 
2.0 
2.4 
2.8 

939 

944 

949 

954 

959 

968 

973 

978 

983 

988 

993 

998 

*002 

*007 

*017 

*022 

*027 

*032 

892 

95  036 

041 

046 

051 

056 

061 

066 

071 

075 

080 

8 

S.2 

893 

085 

090 

095 

100 

105 

109 

114 

119 

124 

129 

9 

8.6 

894 

134 

139 

143 

148 

153 

158 

163 

168 

173 

177 

895 

182 

187 

192 

197 

202 

207 

211 

216 

221 

226 

896 

231 

236 

240 

245 

250 

255 

260 

265 

270 

274 

897 

279 

284 

289 

294 

299 

303 

308 

313 

318 

323 

898 

328 

332 

337 

342 

347 

352 

357 

361 

366 

371 

899 

900 

376 

381 

386 

390 

395 

400 

405 

410 

415 
463 

8 

419 

424 

429 

434 

439 

444 

448 

453 

458 
7 

468 

N. 

L.0 

1 

2 

3 

4 

5 

6 

9 

P.P. 

m 


LOGARITHMS. 


N. 

L.0 

1 

429 

2 

3 

4 

5 

6 

7 

468 
506 

8 

9 

P.P. 

900 

95  424 

434 
482 

439 

487 

444 

448 

453 

463 
511 

468 

901 

472 

477 

492 

497 

601 

616 

902 

621 

525 

530 

635 

640 

646 

650 

654 

659 

664 

■ 

903 

569 

574 

578 

683 

688 

693 

696 

602 

607 

612 

904 

617 

622 

626 

631 

636 

641 

646 

650 

666 

660 

905 

665 

670 

674 

679 

684 

689 

694 

698 

703 

708 

906 

713 

718 

722 

727 

732 

737 

742 

746 

761 

756 

907 

761 

766 

770 

776 

780 

786 

789 

794 

799 

804 

908 

809 

813 

818 

823 

828 

«32 

837 

842 

847 

882 

909 

856 

861 
909 
957 

866 
914 
961 

871 
918 
966 

875 
923 

880 

886 
983 
980 

890 
988 

895 

899 

. 

910 

904 

928 
976 

942 
990 

947 

911 

952 

971 

965 

995 

9 

912 

999 

•004 

•009 

•014 

*019 

•023 

•028 

•083 

•038 

•042 

1 

0.5 

913 

96  047 

052 

057 

061 

066 

071 

076 

080 

086 

090 

s 

8 

4 

1.0 
1.5 

s.o 

914 

095 

099 

104 

109 

114 

118 

123 

128 

133 

137 

915 

142 

147 

152 

166 

161 

166 

171 

176 

180 

186 

6 

2.5 

916 

190 

194 

199 

204 

209 

213 

218 

223 

227 

232 

6 

8.0 

917 

237 

242 

246 

251 

266 

261 

266 

270 

276 

280 

t 

8.5 

918 

284 

289 

294 

298 

303 

808 

313 

317 

322 

827 

8 

4.0 

A   K. 

919 

332 

336 
384 
431 

841 

888 
435 

346 
893 
440 

850 

355 

860 

865 

369 

874 
421 

V   V.W 

920 

379 

898 

402 
460 

407 

412 

417 

921 

426 

445 

454 

469 

464 

468 

922 

473 

478 

483 

487 

492 

497 

601 

606 

611 

616 

923 

520 

525 

530 

534 

539 

644 

648 

653 

658 

662 

924 

567 

572 

677 

681 

686 

591 

595 

600 

605 

609 

925 

614 

619 

624 

628 

633 

638 

642 

647 

652 

656 

926 

661 

666 

670 

675 

680 

685 

689 

694 

699 

708 

927 

708 

713 

717 

722 

727 

731 

736 

741 

746 

750 

928 

755 

759 

764 

769 

774 

778 

783 

788 

792 

797 

929 

802 

806 
853 
900 

811 
858 
904 

816 

862 
909 

820 

825 
872 
918 

830 

834 

839 

844 

A 

930 

848 

867 

876 
923 

8R1 
928 

886 
932 

890 

931 

895 

914 

937 

0.4 
08 

932 

942 

946 

951 

956 

960 

965 

970 

974 

979 

984 

933 

988 

993 

997 

•002 

•007 

•Oil 

*016 

•021 

♦025 

Hm 

1.S 

934 

97  035 

039 

044 

049 

053 

058 

063 

067 

072 

077 

1.6 

935 

081 

086 

090 

095 

100 

104 

109 

114 

118 

123 

S.0 

936 

128 

132 

137 

142 

146 

151 

155 

160 

165 

109 

S.4 
8.8 

8.8 

937 

174 

179 

183 

188 

192 

197 

202 

206 

211 

216 

938 

220 

225 

230 

234 

239 

243 

248 

253 

257 

262 

8.8 

939 

267 

271 
317 
364 

276 
322 
368 

280 
327 
373 

285 
331 
377 

290 
336 
382 

294 

299 
346 

804 
350 
896 

808 
864 

940 

813 

340 
387 

941 

359 

391 

400 

942 

405 

410 

414 

419 

424 

428 

433 

437 

442 

447 

943 

451 

456 

460 

465 

470 

474 

479 

483 

488 

493 

944 

497 

502 

606 

511 

516 

620 

525 

629 

634 

639 

945 

543 

548 

652 

657 

662 

666 

571 

675 

680 

686 

946 

589 

594 

598 

603 

607 

612 

617 

621 

626 

630 

947 

635 

640 

644 

649 

653 

658 

663 

667 

672 

676 

948 

681 

685 

690 

695 

699 

704 

708 

713 

717 

722 

949 

727 

731 

777 

1 

736 
782 

740 
786 

745 
791 

749 

754 

759 
804 

7 

763 
809 

8 

768 

950 

772 

796 

800 

813 

N. 

L.0 

2 

3 

4 

5 

6 

9 

P.P. 

LOOAMITBMS. 
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N. 

L.0 

1 

2 

3 

786 
832 

4 

5 

6 

7 

8 

9 

P.P. 

950 

951 

97  772 

777 
823 

782 
827 

791 

795 

800 

804 

809 

813 

818 

836 

841 

845 

850 

856 

859 

952 

864 

868 

873 

877 

882 

886 

89] 

896 

900 

905 

953 

909 

914 

918 

923 

928 

932 

937 

941 

946 

950 

954 

955 

959 

964 

968 

973 

978 

982 

987 

991 

996 

955 

98  000 

005 

009 

014 

019 

023 

028 

082 

037 

041 

956 

046 

050 

055 

059 

064 

068 

073 

078 

082 

087 

957 

091 

096 

100 

105 

109 

114 

118 

128 

127 

132 

958 

137 

141 

146 

150 

155 

159 

164 

168 

173 

177 

959 

960 

961 

182 

186 

191 

195 

200 

204 

209 

214 

21ft 
263 
308 

223 

227 

232 

236 

241 

245 

260 

254 

259 

268 

ft 

272 

277 

281 

286 

290 

295 

299 

804 

813 

«• 

962 

318 

322 

327 

331 

336 

340 

845 

849 

854 

35ft 

0.5 

1.0     ' 

1.6 

963 

363 

367 

372 

376 

881 

385 

390 

394 

899 

403 

964 

408 

412 

417 

421 

426 

430 

435 

439 

444 

448 

2.0 

965 

453 

457 

462 

466 

471 

475 

480 

484 

489 

493 

3.5 

966 

^8 

502 

607 

511 

516 

520 

525 

529 

534 

638 

8.0 

967 

543 

547 

552 

656 

561 

665 

670 

574 

579 

583 

8.5 
4.0 
111 

968 

688 

592 

597 

601 

605 

610 

614 

619 

623 

628 

969 

970 

971 

632 

637 

641 

646 

650 
695 

655 
700 

659 

664 

668 

678 

677 

682 

686 

691 

704 
749 

709 

713 

758 

717 

722 

726 

731 

735 

740 

744 

763 

762 

972 

767 

771 

776 

780 

784 

789 

798 

798 

802 

807 

973 

811 

816 

820 

825 

829 

834 

83ft 

843 

847 

851 

974 

856 

860 

865 

869 

874 

878 

883 

887 

892 

896 

975 

900 

905 

909 

914 

918 

923 

927 

932 

936 

941 

976 

945 

949 

954 

958 

963 

967 

972 

976 

981 

985 

977 

989 

994 

998 

*003 

*007 

*012 

♦016 

♦021 

♦025 

♦029 

978 

99  034 

038 

043 

047 

052 

056 

061 

065 

069 

074 

979 

980 

981 

078 

083 

087 

092 

096 

100 

105 

109 

114 
168 
202 

118 
162 

123 
167 

127 

131 

136 
180 

140 

145 

149 

154 
198 

4 

171 

176 

185 

189 

193 

207 

0.4 

982 

211 

216 

220 

224 

229 

233 

238 

242 

247 

251 

0.8 

983 

255 

260 

264 

269 

273 

277 

282 

286 

291 

295 

1.2 

984 

800 

304 

308 

313 

317 

322 

326 

330 

385 

839 

1.6 

985 

344 

348 

352 

857 

361 

866 

870 

374 

379 

883 

2.0 
2.4 
2.8 

986 

388 

392 

396 

401 

405 

410 

414 

419 

423 

427 

987 

432 

436 

441 

445 

449 

454 

458 

463 

467 

471 

8 

3.2 

988 

476 

480 

484 

489 

493 

498 

502 

506 

611 

615 

» 

3.6 

989 

990 

991 

520 

524 

528 
572 
616 

533 

537 

542 

546 
690 

550 
694 

665 
699 
642 

559 
603 
647 

564 

668 

577 
621 

681 

586 
629 

607 

612 

625 

634 

638 

992 

651 

656 

660 

664 

669 

673 

677 

682 

686 

691 

993 

695 

699 

704 

708 

712 

717 

721 

726 

730 

734 

994 

739 

743 

747 

752 

756 

760 

765 

769 

774 

778 

995 

782 

787 

791 

795 

800 

804 

808 

818 

817 

822 

996 

826 

830 

835 

839 

843 

848 

852 

856 

861 

865 

997 

870 

874 

878 

883 

887 

891 

896 

900 

904 

909 

998 

913 

917 

922 

926 

930 

985 

939 

944 

948 

952 

999 
1000 

957 

961 
004 

965 

970 

974 

978 
022 

5 

983 

987 

991 

996 
039 

00  000 

009 

013 

017 

026 

030 

035 

N. 

L.O 

1 

2 

3 

4 

6 

7 

8 

9 

P.P. 

17-A 


492 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


fjrl 


I 


1 

I 


1200 
1260 
1320 
1380 
1440 


1* 


!^ 


It 


60 
120 
180 
240 


300 
360 
420 
480 
540 


600 
660 
720 
780 
840 


900 

960 

1020 

1080 

1140 


1500 
1560 
1620 
1680 
1740 


1800 
1860 
1920 
1980 
2040 


2100 
2160 
2220 
2280 
2340 


2400 
2460 
2520 
2580 
2640 


2700 
2760 
2820 
2880 
29^ 

3000 
3060 
3120 
3180 
3240 

3300 
3360 
3420 
3480 
3540 


3600 


0 

1 
2 
8 

4 


6 
6 

7 
8 
9 


10 

11 
12 
13 
14 


15 
16 
17 
18 
19 


20 

21 
22 
23 
24 


25 
26 

27 
28 
29 


30 

31 
32 
33 
34 


35 
36 
37 
38 
39 


40 

41 
42 
43 

44 


45 
46 
47 
48 
49 


50 

51 
52 
53 

54 


55 
56 
67 
58 
59 


60 


L.  Sin. 


6.46373 
6.76476 
6.94085 
7.06579 


7.16270 
7.24188 
7.30882 
7.36682 
7.41797 


7.46373 
7.50512 
7.54291 
7.57767 
7.60985 


7.63982 
7.66784 
7.69417 
7.71900 
7.74248 


7.76475 
7.78594 
7.80615 
7.82545 
7.84393 


7.86166 
7.87870 
7.89509 
7.91068 
7.92612 


7.94084 
7.95508 
7.96887 
7.98223 
7.99520 


8.00779 
8.02002 
8.03192 
8.04350 
8.05478 


8.06578 
8.07650 
8.08696 
8.09718 
8.10717 


8.11693 
8.12647 
8.13581 
8.14495 
8.15391 


8.16268 
8.17128 
8.17971 
8.18798 
8.19610 


8.20407 
8.21189 
8.21958 
8.22718 
8.23456 


8.24186 

L.  Cos.   d 


d. 


30103 

17609 

12494 

9691 

7918 
6694 
5800 
5115 
4576 

4139 
3779 
3476 
3218 
2997 

2802 
2633 
2483 
2348 
2227 

2119 
2021 
1930 
1848 
1773 

1704 
1639 
1579 
1524 
1472 

1424 
1379 
1336 
1297 
1259 

1223 
1190 
1158 
1128 
1100 

1072 

1046 

1022 

999 

976 

954 
934 
914 
896 
877 

860 
843 
827 
812 
797 

782 
769 
756 
748 
730 


Cpl.  8. 


5.31443 
5.31443 
6.81443 
5.31443 


6.31448 
6.31443 
6.31448 
5.31448 
6.31443 


6.31443 
6.31443 
6.31443 
6.31443 
6.31443 


5.31443 
6.31443 
5.31443 
5.31443 
5.31443 


5.31443 
5.31443 
5.31443 
5.31443 
5.31443 


5.31443 
5.31443 
5.31443 
5.31443 
5.31443 


5.31443 
6.31443 
5.31443 
5.31443 
5.31443 


5.31443 
5.31443 
5.31443 
5.31443 
5.31443 


5.31443 
6.31444 
5.31444 
5.31444 
5.31444 


5.31444 
5.31444 
5.31444 
5.31444 
5.31444 


5.31444 
5.31444 
5.31444 
5.31444 
5.31444 


5.31444 
5.31444 
5.31445 
5.31445 
5.31445 


5.31445 


Cpl.T. 


6.31443 
5.31443 
6.81443 
6.81442 


5.81442 
6.31442 
5.31442 
5.31442 
6.81442 


5.31442 
6.31442 
6.31442 
5.31442 
6.31442 


6.31442 
6.31442 
6.31442 
6.31442 
5.31442 


5.31442 
6.31442 
5.31442 
5.31442 
5.31442 


5.31442 
5.31442 
5.31442 
5.31442 
6.31441 


6.31441 
5.31441 
5.31441 
6.31441 
6.31441 


5.31441 
6.31441 
5.31441 
6.31441 
5.31441 


6.31441 
5.31440 
6.31440 
6.31440 
5.31440 


6.31440 
5.31440 
6.31440 
5.31440 
5.31440 


6.31439 
5,31439 
5.31439 
5.31439 
6.31439 


6.31439 
6.31439 
6.81439 
5.31438 
5.31438 


6.31438 


L.  Tang. 


6.46373 
6.76476 
6.94085 
7.06579 


7.16270 
7.24188 
7.30882 
7.36682 
7.41797 


7.46373 
7.50512 
7.54291 
7.57767 
7.60986 


7.63982 
7.66785 
7.69418 
7.71900 
7.74248 


7.76476 
7.78695 
7.80615 
7.82546 
7.84394 


7.86167 
7.87871 
7.89510 
7.91069 
7.92613 


30108 

17609 

12494 

9691 

7918 
6694 
6800 
6116 
4576 

4189 
8779 
8476 
8219 
2996 

2808 
2633 
2482 
2348 
2228 

2119 
2020 
1931 
1848 
1778 

1704 
1689 
1579 
1524 
1478 

1424 
1879 
1836 
1297 
1259 

1228 
1190 
1169 
1128 
1100 

1072 

1047 

1022 

998 

976 

955 
984 
915 

895 
878 

860 
848 
828 
812 
797 

782 
769 
756 
742 

8.24192  _^ 
L.  Cotg.  d.  c 


7.94086 
7.95510 
7.96889 
7.98225 
7.99522 


8.00781 
8.02004 
8.03194 
8.04353 
8.05481 


8.06581 
8.07653 
8.08700 
8.09722 
8.10720 


8.11696 
8.12651 
8.18585 
8.14500 
8.15396 


8.16278 
8.17133 
8.17976 
8.18804 
8.19616 


8.20413 
8.21195 
8.21964 
8.22720 
8.23462 


d.  c. 


L.Cotg. 


8.53627 
8.23524 
8.05915 
2.93421 


2.83730 
2.75812 
2.69118 
2.63318 
2.68203 


2.58627 
2.49488 
2.45709 
2.42283 
2.89014 


2.36016 
2.33215 
2.80582 
2.28100 
2.25752 


2.28524 
2.21405 
2.19885 
2.17454 
2.15606 


2.18888 
2.12129 
2.10490 
2.08911 
2.07387 


2.05914 
2.04490 
2.03111 
2.01775 
2.00478 


.99219 
.97996 
.96806 
.95647 
.94519 


.93419 
.92347 
.91300 
.90278 
.89280 


.88804 
.87348 
.86415 
.85600 
.84605 


.83727 
.82807 
.82l»4 
.81196 
.80064 


79667 
.78805 
.78086 
.77280 
76688 


1.75808 


L.Cos. 


0.00000 
0.00000 
0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
0.00000 
0.00000 
0.00000 


0.00000 
0.00000 
9.99999 
9.99999 
9.99999 


9.99999 
9.99999 

9  000QO 

9.99999 
9.99999 


9.99999 
9.99999 
9.99999 
9.99999 
9.99998 


9.99996 
9.99998 

9QQQQft 

dQQQQft 
.9i79Sn 

9.99996 


9.99998 

dQQQQft 
.9i79Sn 

9.99997 
9.99997 
9.99997 


9.99997 
9.99997 
9.99997 

9.99997 

QQQQQfi 


9*99996 

9QQOQA 

9.9999D 


9*y999D 
<f<9999D 
9.09096 
9*«v99d 
9.99095 


60 

59 
58 
57 
56 

65 
54 
53 
62 
51 


60 

49 
48 
47 
46 

45 
44 
43 
42 
41 


40 

89 
88 
87 
86 

85 
84 
83 
32 
31 


SO 

29 
28 
27 
26 


25 
24 
28 
22 
21 


to 

19 
18 
17 
16 

15 
14 
18 
12 
11 


10 

9 
8 
7 
6 


LOQARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


m 


n 

9600 
36G0 
3720 
3780 
3840 

3900 
8960 
4020 
4080 
4140 

4200 
4260 
4320 
4380 
4410 


4500 
4560 
4620 
4680 
4740 

4800 
4860 
4920 
4980 
5040 

5100 
6160 
5220 
5280 
5340 

5400 
5460 
5520 
5580 
5640 

5700 
5760 
5820 
5880 
5940 

6000 
6060 
6120 
6180 
6240 

6300 
6360 
6420 
6480 
6540 

6600 
6660 
6720 
6780 
6840 

6900 
6960 
7020 
7080 
7140 

7200 


0 

1 
2 
3 
4 


5 
6 
7 
8 
_9 

(0 

11 
12 
13 
14 


15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 


45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


L.  Sin. 


8.24186 
8.24903 
8.25609 
8.26304 
8.26988 


8.27661 
8.28324 
8.28977 
8.29621 
8.30255 


8.30679 
8.31495 
8.32103 
8.32702 

8.33292 


8.33875 
8.34450 
8.35018 
8.35578 
8.36131 


8.36678 
8.37217 
8.37750 
8.38276 
8.38796 


8.39310 
8.39818 
8.40320 
8.40816 
8.41307 


8.41792 
8.42272 
8.42746 
8.43216 
8.43680 


8.44139 
8.44594 
8.45044 
8.45489 
8.45^0 


8.46366 
8.46799 
8.47226 
8.47650 
8.48069 


8.48485 
8.48896 
8.49304 
8.49708 
8.50108 


8.50504 
8.50897 
8.51287 
8.51673 
8.52055 


8.52434 
8.52810 
8.53183 
8.53552 
8.53919 


8.54282 


L.  Cos.  d. 


d. 


717 
706 
695 
684 
673 

663 
653 
644 
634 
624 

616 
606 
599 
590 
583 

575 
568 
560 
553 
547 

539 
533 
526 
520 
514 

506 
502 
496 
491 
485 

480 
474 
470 
464 
459 

455 
450 
445 
441 
436 

433 
427 
424 
419 
416 

411 
408 
404 
400 
396 

393 
390 
386 
382 
379 

376 
373 
369 
367 
363 


Cpl.  8. 


5.31445 
5.31445 
5.31445 
5.31445 
5.31445 


5.31445 
5.33445 
5.31445 
5.31445 
5.31445 


5.31446 
5.31446 
5.31446 
5.31446 
5.31446 


5.31446 
5.31446 
5  31446 
5.31446 
5.31446 


5.31446 
5.31447 
5.31447 
5.31447 
5.31447 


5.31447 
6.31447 
5.31447 
5.31447 
5.31447 


5.31447 
5.31448 
5.31448 
5.31448 
5.31448 


5.31448 
5.31448 
5.31448 
5.31448 
5.31449 


6.31449 
6.31449 
5.31449 
5.31449 
5.31449 


5.31449 
5.31449 
5.31450 
5.31450 
5^31450 

5.31450 
5.31450 
5.31450 
5.31450 
5.31450 


5.31451 
5.31451 
5.31451 
5.31451 
6.31451 


5.31451 


^pLT. 

5.31438 
5.31438 
5.31438 
5.31438 
5.31437 


5.31437 
6.31437 
6.31437 
5.31437 
5.31437 

5.31437 
5.31436 
5.31436 
5.31436 
5.31436 


5.31436 
5.31435 
6.31435 
6.31435 
5.31435 


5.31435 
5.31434 
5.31434 
5.31434 
5.31434 


5.31434 
5.31433 
5.31433 
5.31433 
5.31433 


6.31433 
5.31432 
5.31432 
5.31432 
5.31432 


5.31431 
6.31431 
5.31431 
6.31431 
5.31431 


5.31430 
5.31430 
5.31430 
5.31430 
5.31429 


5.31429 
5.31429 
5.31428 
5.31428 
5^31428 

5.31428 
5.31427 
5.31427 
6.31427 
5.31427 


5.31426 
5.31426 
5.31426 
6.31425 
5.31425 


5.31425 


L.Tang. 

8.24192 
8.24910 
8.25616 
8.26312 
8.26996 


d.  c. 


8.27669 
8.28332 
8.28986 
8.29629 
8.30263 

8^30888 
8.31505 
8.32112 
8.32711 
8.33302 


8.33886 
8.34461 
8.35029 
8.35590 
8.3G143 


8.36689 
8.37229 
8.37762 
8.38289 
8.38809 


8.39323 
8.39832 
8.40334 
8.40830 
8.41321 


8.41807 
8.42287 
8.42762 
8.43232 
8.43696 


8.44156 
8.44611 
8.45061 
8.45507 
8.45948 


8.46385 
8.46817 
8.47245 
8.47669 
8.48089 


8.48505 
8.48917 
8.49325 
8.49729 
8.50130 


8.50527 
8.50920 
8.51310 
8.51696 
8.52079 


8.52459 
8.52835 
8.53208 
8.53578 
8.53945 

8.54308 


L.  Cotg. 


718 
706 
696 
684 
673 

663 
654 
643 
634 
625 

617 
607 
599 
591 
584 

575 
668 
561 
653 
546 

540 
533 
527 
520 
614 

609 
502 
496 
491 
486 

480 
475 
470 
464 
460 

455 
450 
446 
441 
437 

432 
428 
424 
420 
416 

412 
408 
404 
401 
397 

393 
390 

386 
383 
380 

376 
373 
370 
367 
363 


L^Cotg. 

l.VOoOo 
1.75090 
1.74384 
1.73688 
1.73004 


1.72331 
1.71668 
1.71014 
1.70371 
1.69737 


1.69112 
1.68495 
1.67888 
1.67289 
1.66698 


1.G6114 
1.65539 
1.64971 
1.64410 
1.63857 


1.63311 
1.62771 
1.62238 
1.61711 
2-61191 

1.60677 
1.60168 
1.59666 
1.59170 
1.58679 


1.58193 
1.57713 
1.57238 
1.56768 
1.56304 


1.55844 
1.55389 
1.54939 
1.54493 
1.54052 


1.53616 
1.53183 
1.52755 
1.52331 
m911_ 

1.51495 
1.51083 
1.50675 
1.50271 
1.49870 


1.49473 
1.49080 
1.48690 
1.48304 
1.47921 


1.47541 
1.47165 
1.46792 
1.46422 
1.46055 


1.45692 


d.  c.  L.  Tansr. 


L.  Cos. 


9.99993 
9.9999:J 
9.99993 
9.99993 
9.99992 


9.99992 
9.99992 
9.99992 
9.99992 
9.99991 


9.99991 
9.99991 
9.99990 
9.99990 
9.99990 


9.99990 
9.99989 
9.99989 
9.99989 
9.99989 


9.99988 
9.99988 
9.99988 
9.99987 
9.99987 

9.99987 
9.99986 
9.99986 
9.99986 
9.99985 


9.99985 
9.99985 
9.99984 
9.99984 
9.99984 


9.99983 
9.99983 
9.99983 
9.99982 
9^99^2 

9.99982 
9.99981 
9.99981 
9.99981 
9.99980 

9.999a) 
9.99979 
9.99979 
9.99979 
9^78 

9.99978 
9.99977 
9.99977 
9.99977 
9.99976 

9.99976 
9.99975 
9.99975 
9.99974 
9^74 

9.99974 

L.  Sin. 


60 

59 

58 

57 

_56_ 

55 
54 
53 
52 

_51 

50 

49 

48 
47 
46 

45 
44 
43 
42 
41 

40 

39 

38 

37 

^6 

35" 
34 
33 
32 
31 

30 

29 
28 
27 
26 

25 
24 
23 
22 
21 

20 

19 

18 
17 

15 
14 
13 
12 
11 

10 

9 

8 

7 

_6 

5 
4 
3 
2 
1 


i94 


IOQABITHU8  OP  TRIGONOMETRIC  FUNCTIONS, 

20 


"raoo" 

7260 
7820 
7380 
7440 


7500 
7560 
7620 
7680 
7740 

7800 
7860 
7920 
7980 
8040 


8100 
8160 
8220 
8280 
8340 

8400 
8460 
8520 
8580 
8640 

8700 
8760 
8820 
8880 
8940 

9000 
9060 
9120 
9180 
9240 

9300 
9360 
9420 
9480 
9540 

I  9600 
9660 
9720 
9780 
9840 

9900 

9960 

10020 

10080 

10140 

10200 
10260 
10320 
10380 
10440 

10500 
10560 
10620 
10680 
10740 

10800 


0 

1 
2 
8 

4 


6 
6 
7 
8 
9 


10 

11 
12 
13 
14 


15 
16 
17 
18 
19 

20 

r2i 

22 

23 

25 
26 
27 
28 
29 

SO 

31 
32 
33 

ii 
35 
36 
37 
38 
39 


40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 


55 
56 
57 
58 
59 

60 


L.  Sin. 


8.54282 
8.54642 
8.54999 
8.55354 
8.55705 


8.56054 
8.56400 
8.56743 
8.57084 
8.57421 


8.57757 
8.58089 

8.58747 
8.59072 


8.59395 
8.59715 
8.60033 
8.60349 
8.60662 


8.60973 
8.61282 
8.61589 
8.61894 
8.62196 


8.62497 
8.62795 
8.63091 
8.63385 
8.63678 


8.63968 
8.64256 
8.64543 
8.64827 
8.65110 


8.65391 
8.65670 
8.65947 
8.66223 
8.66497 


8.66769 
8.67039 
8.67308 
8.67575 
8.67841 

8.68104 
8.68367 
8.68627 
8.68886 
8.09144 


8.69400 
8.69654 
8.69907 
8.70169 
8.70409 


8.70658 
8.70905 
8.71151 
8.71395 
8.71638 


8.71880 


L.C08. 


d. 


860 
857 
855 
851 
849 

846 
343 
841 
337 
886 

332 
330 
328 
325 
323 

820 
318 
316 
313 
311 

309 
307 
305 
802 
301 

298 
296 
294 
293 
290 

288 
287 
284 
283 
281 

279 
277 
276 
274 
272 

270 
269 
267 
266 
263 

263 
260 
259 
258 
256 

254 
253 
252 
250 
249 

247 
246 
244 
243 
242 


d. 


Cpl.S. 


5.31451 
5.31451 
5.31452 
5.31452 
5.31452 


5.81452 
5.31452 
5.31452 
5.31453 
5.31453 


5.31453 
5.31453 
5.31453 
5.31453 
5.31454 


5.31454 
5.31454 
5.31454 
5.31454 
5.31454 


5.31455 
5.31455 
5.31465 
5.31455 
5.31465 


6.31456 
5.31456 
5.81456 
5.31456 
5.31456 


5.31466 
5.31456 
5.31457 
5.31457 
5.31457 


5.31457 
5.31467 
6.31458 
5.31468 
6.31458 


6.31458 
6.31458 
6.31459 
6.31459 
5.31459 


5.31459 
5.31459 
5.31460 
6.31460 
6.31460 


6.31460 
5.31460 
5.31461 
5.31461 
5.31461 


5.31461 
5.31461 
6.31462 
5.81462 
5.31462 


5.31462 


Cpl.T. 


5.31425 
5.31425 
5.31424 
6.31424 
5.81424 


5.31423 
5.31423 
5.31423 
5.31422 
5.31422 


5.31422 
6.31421 
5.31421 
5.81421 
5.31421 


5.31420 
5.31420 
5.31420 
5.31419 
5.31419 


5.31418 
6.31418 
5.31418 
6.31417 
6.31417 


5.31417 
5.31416 
5.31416 
5.31416 
5.31415 


6.31415 
6.31415 
6.31414 
5.31414 
6.31418 


6.31413 
5.31413 
5.31412 
5.31412 
6.31412 


6.31411 
5.31411 
6.31410 
5.31410 
5.31410 


6.31409 
6.31409 
6.31408 
6.31408 
5.31406 

5.31407 
5.31407 
6.31406 
6.31406 
5.31406 


6.31405 
6.31406 
6.31404 
5.31404 
6.31408 

5.81403 


L.Tang. 


8.64308 
8.54669 
8.55027 
8.65382 
8.65784 


8.56068 
8.66429 
8.66778 
8.57114 
8.57452 


8.57788 
8.58121 
8.58451 
8.58779 
8.59105 


8.59428 
8.50749 
8.60068 
8.60884 
8.60698 


8.61009 
8.61819 
8.61626 
8.61981 
8.62234 


8.62635 
8.62834 
8.63131 
8.63426 
8.63718 


8.64009 
8.64298 
8.64585 
8.64870 
8.65164 


8.65435 
8.66715 
8.65993 
8.66269 
B.66643 


8.66816 
8.67087 
8.67356 
8.67624 
8.67890 


8.68164 
8.68417 
8.68678 
8.68938 
8.69196 


8.69453 
8.69708 
8.69962 
8.70214 
8.70465 


8.70714 
8.70962 
8.71208 
8.71453 
8.71697 

8.71940 


L.  Cotg. 


d.  c. 


361 
858 
856 
852 
849 

846 
844 
841 
888 
886 

888 
880 
828 
826 
823 

821 
819 
816 
814 
811 

810 
807 
806 
808 
801 

299 
297 
296 
292 
291 

289 
287 
285 
284 
281 

280 
278 
276 
274 
278 

271 
269 
268 
266 
264 

268 
261 
260 
258 
257 

256 
264 
252 
251 
249 

248 
246 
245 
244 
248 


L.Cotg. 


1.45692 
1.45331 
1.44973 
1.44618 
1.44266 


1.43917 
1.43571 
1.43227 
1.42886 
1.42648 


1.42212 
1.41879 
1.41549 
1.41221 
1.40696 


1.40572 
1.40251 
1.39982 
1.89616 
1.39802 


1.88991 
1.88681 
1.88874 
1.88069 
1.37766 


1.87465 
1.87166 
1.36869 
1.86674 
1.86282 


1.85991 
1.86702 
1.85415 
1.85180 
1.34846 


1.84565 
1.34285 
1.84007 
1.88781 
1.83457 


1.83184 
1.82918 
1.32644 
1.S2376 
1.82110 


1.81846 
1.81588 
1.81822 
1.810G2 
1.80604 


1.80547 
1.80292 
1.80068 

1.29786 
1.29585 


1.29286 
1.29068 
1.28792 
1.28647 
1.2B806 


L.  Cos. 


9.99974 
9.99973 
9.99973 
9.99972 
9.99972 


9.99971 
9.99971 
9.99970 
9.99970 
9.99969 


9.99969 
9.99968 
9.99968 
9.99967 
9.99967 


9.99967 
9.99966 
9.99966 
9.99965 
9.99964 


9.99964 
9.99963 
9.99963 
9.99962 
9.999G2 


9.99961 
9.99961 
9.99960 
9.99960 

QOQQ'tO 


9.99958 
9.999o7 
9.9V9DO 


9.99956 
9.99955 
9.99955 
9.99954 
9.99954 


9.99968 
9.99052 
9.99052 
9.99061 
9.99061 


9.99960 
9.99940 

QQQAM 


9.90047 
0.90046 
0.00046 
0.09046 
9.00044 


9109M4 
910110 
0.00142 
9100142 

ft! 


60 

59 
58 
57 
66 


1.2B000 


d.c.  L.Ttog.iLr 


55 
54 
58 
62 
61 

60 

49 
48 
47 
46 

45 
44 
48 
42 
41 

40 

80 
88 
87 
96 


85 
34 
38 
82 
81 


SO 

29 
28 
27 
26 


26 
24 
28 
22 
21 


to 

19 
18 
17 
16 


16 
14 
18 
12 
U 


10 

0 
8 
7 
6 


6 
4 
8 
2 
1 


ly.  ri 


LOGARITHMS  OF  TBIQONOMETBIC  FUNCTIONS, 

30 


406 


0 

1 

2 
3 

4 


5 

6 
7 
8 

10 

11 
12 
13 
14 


15 
16 
17 

18 
19 


20 

21 
22 
23 
24 


25 
26 
27 
28 
29 


SO 
31 
32 
33 
34 


35 
86 
37 
38 
39 


40 

41 
42 
43 

44 

45 

46 
47 
48 
49 


50 

61 
52 
53 
54 


55 
56 
57 
58 
59 


60 


L.  Sin. 


8.71880 
8.72120 
8.72359 
8.72597 
8.72834 


8.73069 
8.73303 
8.73535 
8.73767 
8.73997 


8.74226 
8.74454 
8.74680 
8.74906 
8.75130 


8.75353 
8.75575 
8.75795 
8.76015 
8.76234 


8.76451 
8.76667 
8.76883 
8.77097 
8.77310 


8.77522 
8.77733 
8.77943 
8.78152 
8.78360 


8.78568 
8.78774 
8.78979 
8.79183 
8.79386 


8.79588 
8.79789 
8.79990 
8.80189 
8.80388 


8.80585 
8.80782 
8.80978 
8.81173 
8.81367 


8.81560 
8.81752 
8.81944 
8.82134 
8.82324 


8.82513 
8.82701 
8.82888 
8.83075 
8.83261 


8.83446 
8.83630 
8.83813 
8.83996 
8.84177 


8.84358 


L.  C!o8. 


d. 


240 
239 
238 
237 
235 

234 
232 
232 
230 
229 

228 
226 
226 
224 
223 

222 
220 
220 
219 
217 

216 
216 
214 
213 
212 

211 

210 
209 
208 
208 

206 
205 
204 
203 
202 

201 
201 
199 
199 
197 

197 
196 
195 
194 
193 

192 
192 
190 
190 
189 

188 
187 
187 
186 
185 

184 
183 
183 
181 
181 


L.Tang. 


8.71940 
8.72181 
8.72420 
8.72659 
8.72896 


8.73132 
8.73366 
8.73600 
8.73832 
8.74063 


8.74292 
8.74521 
8.74748 
8.74974 
8.75199 


8.75423 
8.75645 
8.75867 
8.76087 
8.76306 


8.76525 
8.76742 
8.76958 
8.77173 
8.77387 


8.77600 
8.77811 
8.78022 
8.78232 
8.78441 


8.78649 
8.78855 
8.79061 
8.79266 
8.79470 


8.79673 
8.79875 
8.80076 
8.80277 
8.80476 


8.80674 
8.80872 
8.81068 
8.81264 
8.81459 


8.81653 
8.81846 
8.82038 
8.82230 
8.82420 


8.82610 
8.82799 
8.82987 
8.83175 
8.83361 


8.83547 
8.83732 
8.83916 
8.84100 
8.84282 


8.84464 


d.  |L.  Cotg. 


d.  c. 


241 
239 
239 
237 
236 

234 
234 
232 
231 
229 

229 
227 
i^ 
225 
224 

222 
222 
220 
219 
219 

217 
216 
215 
214 
213 

211 
211 
210 
209 
208 

206 
206 
205 
204 
203 

202 

201 

201 

99 

98 

98 
96 
96 
95 
94 

93 
92 
92 
90 
90 

89 
88 
88 
86 
86 

85 
84 
84 
82 
82 


d.  c. 


L.  Cotg. 


28060 
27819 
27580 
27341 
27104 


26634 
-26400 
2616S 
25937 


25708 
25479 
25252 
25026 
24801 


24577 
24355 
24133 
23913 
23694 


23475 
23258 
23042 
22827 
22613 


22400 
22189 
21978 
21768 
21559 


21351 
21145 
20939 
20734 
20530 


20327 

20125 

9924 

9723 

9524 


9326 
9128 
8932 
8736 
8541 


8347 
8154 
7962 
7770 
7580 


7390 
7201 
7013 
6825 
6639 


6453 
6268 
6084 
5900 
5718 


15536 


L.Tang. 


L.Ck>8. 


9.99940 
9.99940 
9.99939 
9.99938 
9.99938 


9.99937 
9.99936 
9.99936 
9.99935 
9.99934 


9.99934 
9.99933 
9.99932 
9.99932 
9.99931 


9.99930 
9.99929 
9.99929 
9.99928 
9.99927 


9.99926 
9.99926 
9.99925 
9.99924 
9.99923 


9.99923 
9.99922 
9.99921 
9.99920 
9.99920 


9.99919 
9.99918 
9.99917 
9.99917 
9.99916 


9.99915 
9.99914 
9.99913 
9.99913 
9.99912 


9.99911 
9.99910 
9.99909 
9.99909 
9.99908 


9.99907 
9.99906 
9.99905 
9.99904 
9.99904 


9.99903 
9.99902 
9.99901 
9.99900 
9.99899 


9.99898 
9.99898 
9.99897 
9.99896 
9.99895 


9.99894 


L.  Sin. 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 

8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


2S8 

234 

6 

23.8 

23.4 

7 

27.8 

27.3 

8 

31.7 

31.2 

9 

35.7 

35.1 

10 

39.7 

39.0 

20 

79.3 

78.0 

30 

119.0 

117.0 

40 

158.7 

156.0 

60 

198.8 

195.0 

226 

220 

6 

22.5 

22.0 

7 

26.3 

25.7 

8 

30.0 

29.3 

9 

33.8 

33.0 

10 

37.5 

36.7 

20 

75.0 

73.3 

30 

112.5 

110.0 

40 

150.0 

146.7 

50 

187.5 

183.3 

212 

208 

6 

21.2 

20.8 

7 

24.7 

24.3 

8 

28.3 

27.7 

9 

31.8 

31.2 

10 

35.3 

34.7 

20 

70.7 

69.3 

30 

106.0 

104.0 

40 

141.3 

138.7 

50 

176.7 

173.3 

201 

197 

6 

20.1 

19.7 

7 

23.5 

23.0 

8 

26.8 

26.3 

9 

30.2 

29.6 

10 

33.5 

32.8 

20 

67.0 

65.7 

30 

100.5 

98.5 

40 

134.0 

131.3 

50 

167.5 

164.2 

189 

(85 

6 

18.9 

18.5 

7 

22.1 

21.6 

8 

25.2 

24.7 

9 

28.4 

27.8 

10 

31.5 

30.8 

20 

63.0 

61.7 

30 

94.5 

92.5 

40 

126.0 

123.3 

50 

157.5 

154.2 

4 

3 

2 

6 

0.4 

0.3 

0.2 

7 

0.5 

0.4 

0.2 

8 

0.5 

0.4 

0.3 

9 

0.6 

0.5 

0.3 

10 

0.7 

0.5 

0.3 

20 

1.3 

1.0 

0.7 

30 

2.0 

1.5 

1.0 

40 

2.7 

2.0 

1.3 

60 

3.3 

2.5 

1.7 

229 

22.9 

26.7 

80.5 

34.4 

88.2 

76.3 

114.6 

152.7 

190.8 

216 

21.6 

25.2 

28.8 

32.4 

36.0 

72.0 

108.0 

144.0 

180.0 

204 

20.4 

23.8 

27.2 

30.6 

34.0 

68.0 

102.0 

136.0 

170.0 

193 
19.3 
22.5 
25.7 
29.0 
32.2 
64.8 
96.6 
128.7 
160.8 

181 
18.1 
21.1 
24.1 
27.2 
30.2 
60.3 
90.5 
120.7 
160.8 

I 

0.1 
0.1 
0.1 
0.2 
0.2 
0.3 
0.5 
0.7 
0.8 


P.P. 


r 


496 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 


0 

1 
2 
3 
4 

5 
6 

7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 

48 

Ji. 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


L.  Sin. 


8.84358 
8.84539 
8.84718 
8.84897 
8.85075 


8.85252 
8.85429 
8.85605 
8.85780 
8.85955 


8.86128 
8.86301 
8.86474 
8.86645 
8.86816. 


8.86987 
8.87166 
8.87325 
8.87494 
8.87661 


8.87829 
8.87995 
8.88161 
8.88326 
8.88490 


8.88654 
8.88817 
8.88980 
8.89142 
8.89304 


8.89464 
8.89625 
8.89784 
8.89943 
8.90102 


8.90260 
8.90417 
8.90574 
8.90730 
8.90885 


8.91040 
8.91195 
8.91349 
8.91502 
8.91655 


8.91807 
8.91959 
8.92110 
8.92261 
8.92411 


8.92561 
8.92710 
8.92859 
8.93007 
8.93154 


8.93301 
8.93448 
8.93594 
8.93740 
8.93885 

8.94030 

L.  Cos. 


d. 


L.Tang. 


8.84464 
8.84646 
8.84826 
8.85006 
8.85185 


8.85363 
8.85540 
8.85717 
8.85893 
8.86069 


8.86243 
8.86417 
8.86591 
8.86763 
8.86935 


8.87106 
8.87277 
8.87447 
8.87616 
8.87785 


8.87953 
8.88120 
8.88287 
8.88453 
8.88618 


8.88783 
8.88948 
8.89111 
8.89274 
8.89437 


81 
79 
79 
78 
77 

77 
76 
75 
75 
73 

73 
73 
71 
71 
71 

69 
69 
69 
67 
68 

66 

66 
65 
64 
64 

63 
63 
62 
62 
60 

61 

59 
59 
69 
58 

57 
57 
56 
55 
55 

55 

54 
53 
53 
52 

52 
51 
51 
60 
60 

49 
49 

48 
47 
47 

47 
46 
46 
45 

^  8.94195 
d.  L.  Cotg. 


8.89598 
8.89760 
8.89920 
8.90080 
8.90240 


8.90399 
8.90557 
8.90715 
8.90872 
8.91029 


8.91185 
8.91340 
8.91496 
8.91650 
8.91803 


8.91957 
8.92110 
8.92262 
8.92414 
8.92565 


8.92716 
8.92866 
8.93016 
8.93165 
8.93313 


8.93462 
3.93609 
8.93756 
8.93903 
8.94049 


L.  Cotg. 


.15536 
.15354 
.15174 
.14994 
.14815 


.14637 
.14460 
.14283 
.14107 
.13931 


.13757 
.13583 
.13409 
.13237 
.13065 


.12894 
.12723 
.12553 
.12384 
.12215 


.12047 
.11880 
.11713 
.11547 
.11382 


11217 
.11052 
.10889 
.10726 
.10563 


d.  c 

182 
180 
180 
179 
178 

177 
177 
176 
176 
174 

174 
174 
172 
172 
171 

171 
170 
169 
169 
168 

167 
167 
166 
165 
165 

165 
163 
163 
163 
161 

162 
160 
160 
160 
159 

158 
158 
157 
157 
156 

155 
155 
155 
153 
154 

163 
152 
152 
151 
151 

150 
150 
149 
148 
149 

147 
147 
147 
146 

^'^^  1.05805 
d.  c.  L.Tang. 

85' 


.10402 
.10240 
.10080 
.09920 
.09760 


.09601 
,09443 
.09285 
.09128 
.08971 


.08815 
.08660 
.08505 
.08350 
.08197 


.08043 
.07890 
.07738 
.07586 
.07435 


.07284 
.07134 
.06984 
.06835 
.06687 


.06538 
.06391 
.06244 
.06097 
.05951 


L.  Cos. 


9.99894 
9.99893 
9.99892 
9.99891 
9.99891 


9.99890 
9.99889 
9.99888 
9.99887 
9.99886 


9.99885 
9.99884 
9.99883 
9.99882 
9.99881 


9.99880 
9.99879 
9  99879 
9.99878 
9.99877 


9.99876 
9.99875 
9.99874 
9.99873 
9.99872 


9.99871 
9.99870 
9.99869 
9.99868 
9.99867 


9.99866 
9.99865 
9.99864 
9.99863 
9.99862 


9.99861 
9.99860 
9.99859 
9.99858 
9.99857 


9.99866 
9.99855 
9.99854 
9.99853 
9.99852 


9.99851 
9.99850 
9.99848 
9.99847 
9.99846 


9.99845 
9.99844 
9.99843 
9.99842 
9.99841 


9.99840 
9.99839 
9.99838 
9.99837 
9.99836 


9.99834 
L.  Sin. 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
IS 
12 
11 


10 

9 
8 

7 
6 


5 
4 
8 
2 
1 


P.P. 


181 

179 

6 

18.1 

17.9 

7 

21.1 

20.9 

8 

24.1 

23.9 

9 

27.2 

26.9 

10 

30.2 

29.8 

20 

60.3 

59.7 

30 

90.5 

89.5 

40 

120.7 

119.3 

50 

150.8 

149.2 

175 

173 

6 

17.5 

17.3 

7 

20.4 

20.2 

8 

23.3 

23.1 

9 

26.3 

26.0 

10 

29.2 

28.8 

20 

58.3 

57.7 

30 

87.5 

86.5 

40 

116.7 

115.3 

60 

145.8 

144.2 

168 

166 

6 

16.8 

16.6 

7 

19.6 

19.4 

8 

22.4 

22.1 

9 

25.2 

24.9 

10 

28.0 

27.7 

20 

56.0 

55.3 

30 

84.0 

83.0 

40 

112.0 

110.7 

50 

140.0 

138.3 

162 

159 

6 

16.2 

15.9 

7 

18.9 

18.6 

8 

21.6 

21.2 

9 

24.3 

23.9 

10 

27.0 

26.5 

20 

54.0 

53.0 

30 

81.0 

79.5 

40 

108.0 

106.0 

60 

135.0 

132.5 

155 

153 

6 

15.5 

15.3 

7 

18.1 

17.9 

8 

20.7 

20.4 

9 

23.3 

23.0 

10 

25.8 

25.5 

20 

61.7 

51.0 

30 

77.5 

76.5 

40 

103.3 

102.0 

50 

129.2 

127.5 

149 

147   ] 

6 

14.9 

14.7 

7 

17.4 

17.2 

8 

19.9 

19.6 

9 

22.4 

22.1 

10 

24.8 

24.5 

20 

49.7 

49.0 

30 

74.5 

73.5 

40 

99.0 

98.0 

50 

124.2 

122.5 

177 

17.7 
20.7 
23.6 
26.6 
29.5 
59.0 
88.5 
118.0 
147.5 

171 

17.1 
20.0 
22.8 
25.7 
28.5 
57.0 
85.5 
114.0 
142.5 

(64 

16.4 
19.1 
21.9 
24.6 
27.3 
54.7 
82.0 
109.8 
136.7 

157 

15.7 
18.3 
20.9 
23.6 
26.2 
52.8 
78.5 
104.7 
180.8 

151 

15.1 
17.6 
20.1 
22.7 
25.2 
50.3 
75.5 
100.7 
125.8 

I 
0.1 
0.1 
0.1 
0.2 
0.2 
0.3 
0.5 
0.7 
0.8 


P.P. 


L00ABITHM8  OF  TRIGONOMETRIC  FUNCTIONS, 
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0 

1 

2 
3 
4 

5 
6 

7 
8 
9 

10 

11 
12 
13 
14 

16 
16 
17 
18 
19 


L.8in. 


8.91030 
8.94174 
8.94317 
8.94461 
8.94608 


8.94746 
8.94887 
8.96029 
8.96170 
8.96810 


8.95460 
8.96689 
8.96728 
8.96867 
8.96006 


20 
21 
22 
23 
24 


25 
26 

27 
28 
29 

30 

31 
32 
33 
34 


36 
36 
37 
38 
39 

40 

41 
42 
43 
44 


46 
46 

47 
48 
49 


60 

51 
62 
63 
64 


55 
56 
67 
58 
59 

60 


8.96143 
8.96280 
8.96417 
8.96663 
8.96689 


8.96826 
8.96960 
8.97095 
8.97229 
8.97363 


8.97496 
8.97629 
8.97762 
8.97894 
8.96026 


8.98167 
8.98288 
8.98419 
8.98649 
8.98679 


8.98808 
8.96987 
8.99066 
8.99194 
8.99322 


8.99450 
8.99577 
8.99704 
8.99830 
8.99956 


9.00082 
9.00207 
9.00332 
9.00466 
9.00681 


9.00704 
9.00628 
9.00951 
9.01074 
9.01196 


9.01318 
9.01440 
9.01661 
9.01682 
9.01808 


9.01923 


L.OOS. 


d. 


144 
143 
144 
142 
143 

141 
142 
141 
140 
140 

139 
139 
139 
138 
138 

137 
137 
136 
136 
136 

136 
186 
134 
134 
133 

133 
133 
132 
132 
131 

131 
131 
130 
180 
129 

129 
129 
128 
128 
128 

127 
127 
126 
126 
126 

125 
125 
124 
125 
123 

124 
123 
123 
122 
122 

122 
121 
121 
121 
120 


L.Tang. 


8.94196 
8.94840 
8.94486 
8.94630 
8.94778 


8.94917 
8.95060 
8.95202 
8.95344 
8.95486 


8.95627 
8.95767 
8.95908 
8.96047 
8.96187 


8.96326 
8.96464 
8.96602 
8.96739 
8.96877 


8.97013 
8.97150 
8.97286 
8.97421 
8.97566 


8.97691 
8.97825 
8.97959 
8.98092 
8.98225 


8.96358 
8.96490 
8.96622 
8.98753 
8.98884 


8.99015 
8.99145 
8.99275 
8.99405 
8.99534 


8.99662 
8.99791 
8.99919 
9.00046 
9.00174 


9.00301 
9.00427 
9.00653 
9.00679 
9.00805 


9.00930 
9.01055 
9.01179 
9.01303 
9.01427 


9.01550 
9.01673 
9.01796 
9.01918 
9.02040 


9.02162 


d.  C. 


146 
146 
146 
143 
144 

143 
142 
142 
142 
141 

140 
141 
139 
140 
138 

139 
138 
137 
138 
136 

137 
136 
136 
136 
136 

134 
134 
133 
133 
133 

132 
132 
131 
131 
131 

130 
130 
130 
129 

128 

129 
128 
127 
128 
127 

126 
126 
126 
126 
125 

125 
124 
124 
124 
123 

123 
123 
122 
122 
122 


L.  Cotg. 


.06806 
.06660 
.05516 
.05370 
.06227 


.06083 
.04940 
.04798 
.04656 
.04614 


.04373 
.04233 
.04092 
.03953 
.03813 


.03675 
.03536 
.03398 
.08261 
.03123 


.02987 
.02850 
.02715 
.02579 
.02444 


.02309 
.02175 
.02041 
.01908 
.01775 


.01642 
.01510 
.01378 
.01247 
.01116 


.00985 
.00855 
.00725 
.00595 
.00466 


.00338 

.00209 

.00081 

0.99954 

0.99826 


0.99699 
0.99573 
0.99447 
0.99321 
0.99195 


0.99070 
0.98945 
0.98821 
0.98697 
0.98573 


0.98450 
0.98327 
0.98204 
0.98082 
0.97960 


0.97838 


d.  L.  Cotg.  d.  c.iL.Tang. 


L.  Cos. 


9.99834 
9.99833 
9.99832 
9.99831 
9.99830 


9.99829 
9.99828 
9.99827 
9.99825 
9.99824 


9.99823 
9.99822 
9.99821 
9.99820 
9.99819 


9.99817 
9.99816 
9.99815 
9.99814 
9.99813 


9.99812 
9.99810 
9.99809 
9.99808 
9.99807 


9.99806 
9.99804 
9.99803 
9.99802 
9.99801 


9.99800 
9.99798 
9.99797 
9.99796 
9.99795 


9.99793 
9.99792 
9.99791 
9.99790 
9.99788 


9.99787 
9.99786 
9.99785 
9.99783 
9.99782 

9.99781 
9.99780 
9.99778 
9.99777 
9.99776 


9.99775 
9.99773 
9.99772 
9.99771 
9.99769 


9.99768 
9.99767 
9.99765 
9.99764 
9.99763 


^9976J. 
L.  Sin. 


60 

69 
68 
67 
66 


P.P. 


56 
54 
53 
62 
61 


60 

49 
48 
47 
46 


45 
44 
43 
42 
41 

40 

39 
38 
37 
d6 

36 
34 
33 
32 
81 


30 

29 
28 
27 

^ 
25 
24 
23 
22 

^ 
20 

19 
18 
17 

15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 
2 
J^ 

0 


146 

I4S 

6 

14.5 

14.3 

7 

16.9 

16.7 

8 

19.3 

19.1 

9 

21.8 

21.5 

10 

24.2 

23.8 

20 

48.3 

47.7 

30 

72.5 

71.5 

40 

96.7 

95.3 

60 

V20.S 

119.2 

139 

1S8 

6 

13.9 

13.8 

7 

16.2 

16.1 

8 

18.5 

18.4 

9 

20.9 

20.7 

10 

23.2 

23.0 

20 

46.3 

46.0 

30 

69.6 

69.0 

40 

92.7 

92.0 

50 

116.8 

115.0 

IS6 

IS3 

6 

13.5 

13.3 

7 

15.8 

15.6 

8 

18.0 

17.7 

9 

20.3 

20.0 

10 

22.5 

22.2 

20 

45.0 

44.3 

30 

67.5 

66.5 

40 

90.0 

88.7 

50 

112.6 

110.8 

129 

I2S 

6 

12.9 

12.8 

7 

16.1 

14.9 

8 

17.2 

17.1 

9 

19.4 

19.2 

10 

21.5 

21.3 

20 

43.0 

42.7 

30 

64.6 

64.0 

40 

86.0 

85.3 

50 

107.5 

106.7 

125 

123 

6!    12.5 

12.3 

7      14.6 

14.4 

8      16.7 

16.4 

9      18.8 

18.5 

10 

20.8 

20.5 

20 

41.7 

41.0 

30 

62.5 

61.5 

40 

83.3 

82.0 

50 

104.2 

102.5 

121 

120 

6 

12.1 

12.0 

7 

14.1 

14.0 

8 

IG.l 

16.0 

9 

18.2 

18.0 

10 

20.2 

20.0 

20 

40.3 

40.0 

30 

60.5 

60.0 

40 

80.7 

80.0 

60 

100.8 

100.0 

141 
14.1 
16.5 
18.8 
21.2 
23.6 
47.0 
70.5 
94.0 
117.6 

136 
13.6 
16.9 
18.1 
20.4 
22.7 
45.3 
68.0 
90.7 
113.3 

131 
13.1 
15.3 
17.5 
19.7 
21.8 
43.7 
65.5 
87.3 
109.2 

126 

12.6 
14.7 
16.8 
18.9 
21.0 
42.0 
63.0 
84.0 
106.0 

122 
12.2 
14.2 
16.3 
18.3 
20.3 
40.7 
61.0 
81.3 
101.7 

I 
0.1 
0.1 
0.1 
0.2 
0.2 
0.3 
0.5 
0.7 
0.8 


P.P. 


§kAP 


496 


0 

1 

2 
3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 

ii 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 


35 
36 
37 
38 
39 

40 
41 
42 
43 

ii 
45 
46 
47 
48 
49 


60 


LOOABITBMS  OF  TRJOONOMETBIO  FONCTIOMS. 

y    


L.  Sin. 


9.01923 
9.02043 
9.02163 
9.02283 
9.02402 


9.02520 
9.02639 
9.02757 
9.02874 
9.02992 


9.03109 
9.03226 
9.03342 
9.03458 
9.03574 


9.03690 
9.03805 
9.03920 
9.04034 
9.04149 


9.04262 
9.04376 
9.04490 
9.04603 
9.04715 


9.04828 
9.04940 
9.05052 
9.05164 
9.05275 


9.05386 
9.05497 
9.05607 
9.05717 
9.05827 


9.a5937 
9.06046 
9.06165 
9.06264 
9.06372 


9.06481 
9.06589 
9.06696 
9.06804 
9.06911 


9.07018 
9.07124 
9.07231 
9.07337 
9.07442 


9.07548 
9.07653 
9.07758 
9.07863 
9.07968 


9.08072 
9.08176 
9.08280 
9.08383 
9.08486 


9.08589 


L.GOS. 


120 
120 
120 
119 
118 

119 
118 
117 
118 
117 

117 
116 
116 
116 
116 

115 
115 
114 
116 
US 

114 

114 
113 
112 
113 

112 
112 
112 
HI 
HI 

111 
110 
110 
110 
110 

109 
109 
109 
108 
109 

108 
107 
108 
107 
107 

106 
107 
106 
105 
106 

105 
105 
105 
105 
104 

104 
104 
103 
103 
103 


L.Taiig. 


9.02162 
9.02283 
9.02404 
9.02625 
9.02645 


9.02766 
9.02885 
9.03005 
9.03124 
9.03242 


9.03361 
9.03479 
9.03597 
9.03714 
9.03832 


9.03948 
9.04065 
9.04181 
9.04297 
9.04413 


9.04528 
9.04643 
9.04758 
9.04873 
9.04987 


9.05101 
9.05214 
9.05328 
9.05441 
9.05553 


9.05666 
9.05778 
9.05890 
9.06002 
9.06113 


9.06224 
9.06335 
9.06445 
9.06556 
9.06666 


9.06775 
9.06885 
9.06994 
9.07103 
9.07211 


9.07320 
9.07428 
9,07536 
9.07643 
9.07761 


9.07868 
9.07964 
9.08071 
9.08177 
9.08283 


X" 


9.08389 
9.08495 
9.06600 
9.08705 
9.08810 


9.08914 


L.  Cotg. 


d.C. 


121 
121 
121 
120 
121 

119 
120 
119 
118 
119 

118 
118 
117 
118 
116 

117 
116 
116 
116 
115 

115 
115 
115 
114 
114 

113 
114 
113 
112 
113 

112 
112 
112 
111 
111 

111 
110 
111 
110 
109 

110 
109 
109 
108 
109 

108 
108 
107 
108 
107 

106 
107 
106 
106 
106 

106 
105 
105 
105 
104 


L.  Ck>tg. 


0.97838 
0.97717 
0.97596 
0.97475 
0.97355 


0.97234 
0.97115 
0.96995 
0.96876 
0.96758 


0.96639 
0.96521 
0.96403 
0.96286 
0.96168 


0.96052 
0.95935 
0.95819 
0.95703 
0.95587 


0.95472 
0.95357 
0.95242 
0.95127 
0.95013 


0.94899 
0.94786 
0.94672 
0.94559 
0.94447 


0.94334 
0.94222 
0.94110 
0.93998 
0.93887 


0.93776 
0.93665 
0.93555 
0.93444 
0.93334 


0.93225 
0.93115 
0.93006 
0.92897 
0.92789 


0.92680 
0.92572 
0.92464 
0.92357 
0.92249 


0.92142 
0.92036 
0.91929 
0.91823 
0.91717 


0.91611 
0.91505 
0.91400 
0.91295 
0.91190 


0.91086 


d.  c.  L.Tang. 
83^ 


L.  Cos. 


9.99761 
9.99760 
9.99769 
9.99767 
9.99766 


9.99765 
9.99763 
9.99762 
9.99761 
9.99749 


9.99748 
9.99747 
9.99745 
9.99744 
9.99742 


9.99741 
9.99740 
9.99738 
9.99787 
9.99786 


9.99734 
9.99733 
9.99781 
9.99730 
9.99728 


9.99727 
9.99726 
9.99724 
9.99728 
9.99721 


9.99720 
9.99718 
9.99717 
9.99716 
9.99714 


9.9971B 
9.99711 
9.99710 
9.99708 
9.99707 


9.99705 
9.99704 
9.99702 
9.99701 
9.99099 


9.99696 
9.99696 
9.99693 
9.99692 


9.99690 
9.99689 
9.99687 
9.99686 
9.99684 


9.99683 
9.996S1 
9.99680 
9.99678 
9.99677 


9.99675 


L.  Sin. 


eo 

69 

68 
67 
66 


65 
64 
63 
62 
61 


49 
48 
47 
46 


45 
44 
43 
42 
41 


40 
89 
88 
87 
86 


86 
84 
88 
82 
81 


SO 

29 
28 
27 
26 


25 
24 
23 
22 
21 


to 

19 
18 
17 
16 


16 
14 
18 
12 
11 


10 

9 

8 
7 
6 


6 
4 
8 
2 
1 


P.P. 


121 

no 

6 

12.1 

12.0 

7 

14.1 

14.0 

8 

16.1 

16.0 

9 

18.2 

18.0 

10 

20.2 

20.0 

20 

40.3 

40.0 

80 

60.6 

60.0 

40 

80.7 

80.0 

60 

100.8 

100.0 

118 

117 

6 

11.8 

11.7 

7 

18.8 

18.7 

8 

16.7 

16.6 

9 

17.7 

17.6 

10 

19.7 

19.5 

20 

89.3 

89.0 

HO 

69.0 

68.5 

40 

78.7 

78.0 

60 

96.8 

97.5 

Iff 

114 

6 

U.5 

11.4 

7 

18.4 

13.8 

8 

15.8 

16.2 

9 

17.8 

17.1 

10 

19.2 

19.0 

20 

88.3 

88.0 

80 

57.6 

57.0 

40 

76.7 

76.0 

50 

95.8 

95.0 

lit 

III 

6 

11.2 

11.1 

7 

18.1 

18.0 

8 

14.9 

14.8 

9 

16.8 

16.7 

10 

18.7 

18.5 

20 

87.3 

37.0 

90 

56.0 

55.5 

40 

74.7 

74.0 

50 

98.8 

92.5 

109 

108 

6 

ia9 

10.8 

7 

12.7 

12.6 

8 

14.5 

14.4 

9 

16.4 

16.2 

10 

18.2 

18.0 

20 

86.8 

86.0 

80 

54.5 

54.0 

40 

72.7 

72.0 

60 

90.8 

90.0 

106 

109 

6 

10.6 

10.6 

7 

12.4 

12.3 

8 

14.1 

14.0 

9 

15.9 

15.8 

10 

17.7 

17.6 

20 

86.3 

85.0 

30 

58.0 

52.5 

40 

70.7 

70.0 

60 

88.3 

87.6 

119 
11.9 
18.9 
15.9 
17.9 
19.8 
89.7 
69.5 
79.8 
9v»* 

NO 
U.6 
18.5 
15.5 
17.4 
19.8 
88.7 
58.0 
77.8 
96.7 

IIS 

ILZ 
18.2 
15.1 
17.0 
18.8 
87.7 
56.5 
75.8 
94.2 

no 

U.0 

12.8 
14.7 
16.5 
18.3 
86.7 
55.0 
73.8 
91.7 

107 

ia7 

12.5 
14.8 
16.1 
17.8 
86.7 
58.5 
71.8 
89.2 

104 

10.4 
12.1 
18.9 
15.6 
17.8 
84.7 
52.0 
69.8 
86.7 


P.P. 


0 

1 

2 
3 

4 


5 
6 

7 
8 
9 


10 

11 
12 
13 

it 
15 
16 
17 
18 
19 

to 

21 
22 
23 
24 


25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 


40 
41 
42 
43 

_44 

45 
46 
47 
48 
49 

60 
51 
62 
58 
54 

55 

56 
57 
58 
59 
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49 


60 


L.Sin. 


9.08589 
9.06692 
9.08795 
9.08897 
9.08999 


d. 


9.09101 
9.09202 
9.09804 
9.09405 
9.09506 


9.09606 
9.09707 
9.09807 
9.09907 
9.10006 


9.10106 
9.10205 
9.10804 
9.10402 
9.10501 


9.10599 
9.10697 
9.10795 
9.10893 
9.10990 


9.11087 
9.11184 
9.11281 
9.11377 
9.11474 


9.11570 
9.11666 
9.11761 
9.11857 
9.11952 


9.12047 
9.12142 
9.12236 
9.12331 
9.12425 


9.12519 
9.12612 
9.12706 
9.12799 
9.12892 


9.12965 
9.13078 
9.13171 
9.13263 
9.13355 


9.13447 
9.13539 
9.13630 
9.13722 
9.13813 


9.13904 
9.13994 
9.14085 
9.14175 
9.14266 


9.14356 


L.CX>s. 


108 
103 
102 
102 
102 

101 
102 
101 
101 
100 

101 
100 
100 
99 
100 

99 
99 
98 
99 
98 

98 
98 
98 
97 
97 

97 
97 
96 
97 
96 

96 
95 
96 
95 
95 

95 
94 
95 
94 
94 

93 
94 
93 
93 
98 

93 
98 
92 
92 
92 

92 
91 
92 
91 
91 

90 
91 
90 
91 
90 


L.Ta]ig. 


9.08014 
9.09019 
9.09123 
9.09227 
9.09330 


9.09434 
9.09537 
9.09640 
9.09742 
9.09845 

9.09947 
9.10049 
9.10150 
9.10252 
9.10353 


9.10454 
9.10555 
9.10656 
9.10756 
9.10856 


9.10956 
9.11056 
9.11165 
9.11254 
9.11353 


9.11452 
9.11551 
9.11649 
9.11747 
9.11845 


9.11943 
9.12040 
9.12138 
9.12235 
9.12332 


9.12428 
9.12525 
9.12621 
9.12717 
9.12813 


9.12909 
9.13004 
9.13099 
9.13194 
9.13289 


9.13854 
9.18948 
9.14041 
9.14134 
9.14227 


9.13384 
9.13478 
9.13573 
9.13667 
9.13761 


9.14320 
9.14412 
9.14504 
9.14597 
9.14688 


9.14780 


d.  c.  L.  Cotg, 


105 
104 
104 
103 
104 

103 
103 
102 
103 
102 

102 
101 
102 
101 
101 

101 
101 
100 
100 
100 

100 
99 
99 
99 
99 

99 

98 
98 
98 
98 

97 
98 
97 
97 
96 

97 
96 
96 
96 
96 

95 
95 
95 
95 
95 

94 
95 
94 
94 
93 

94 
93 
93 
93 
93 

92 
92 
93 
91 
92 


0.91086 
0.90981 
0.90877 
0.90773 
0.90670 


d.  L.Cotg.|d.  c 


0.90566 
0.90463 
0.90860 
0.90258 
0.90155 


0.90053 
0.89951 
0.89850 
0.89748 
0.89647 


0.89546 
0.89445 
0.89844 
0.89244 
0.89144 


0.89044 
0.88944 
0.88845 
0.88746 
0.88647 


0.88548 
0.88449 
0.88351 
0.88253 
0.88155 


0.88057 
0.87960 
0.87862 
0.87765 
0.87668 


0.87572 
0.87475 
0.87379 
0.87283 
0.87187 


0.87091 
0.86996 
0.86901 
0.86806 
0.86711 


0.86616 
0.86522 
0.86427 
0.86333 
0.86239 


0.86146 
0.86052 
0.85959 
0.85866 
0.85773 


0.85680 
0.85588 
0.854% 
0.85403 
0.85312 


0.8522C 


L.Tang. 


L.  Cos. 


9.99675 
9.99674 
9.99672 
9.99670 
9.99669 


9.99667 
9.99666 
9.99664 
9.99663 
9.99661 

9.99659 
9.99658 
9.99656 
9.99655 
9.99653 


9.99651 
9.99650 
9.99648 
9.99647 
9.99645 


9.99643 
9.99642 
9.99640 
9.99638 
9.99637 


9.99635 
9.99633 
9.99632 
9.99630 
9.99629 


9.99627 
9.99625 
9.99624 
9.99622 
9^99620 

9r99618 
9.99617 
9.99615 
9.99613 
9.99612 


9.99610 
9.99608 
9.99607 
9.99605 
9.99608 

9.99601 
9.99600 
9.99598 
9.99596 
9.99595 

9.99593 
9.99591 
9.99589 
9.99588 
9.99586 

9.99584 
9.99582 
9.99581 
9.99579 
9.99577 


9.99575 


60 

59 
58 
57 

55 
54 
53 
52 
51 


60 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 

*L 

35 

34 

33 

32 

31^ 

30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 

n 

10 

9 
8 
7 
6 


L.  Sin. 


5 
4 
3 
2 
1 


P.P. 


106 

104 

6 

10.6 

10.4 

7 

12.3 

12.1 

8 

14.0 

13.9 

9 

15.8 

15.6 

10 

17.5 

17.3 

20 

36.0 

34.7 

80 

62.5 

52.0 

40 

70.0 

69.3 

60 

87.5 

86.7 

102 

101 

6 

10.2 

10.1 

7 

1L9 

11.8 

8 

13.6 

13.5 

9 

15.3 

15.2 

10 

17.0 

16.8 

20 

34.0 

33.7 

30 

51.0 

50.5 

40 

68.0 

67.3 

60 

85.0 

84.2 

103 

10.3 
12.0 
13.7 
15.5 
17.2 
34.3 
51.6 
68.7 
85.8 

iOO 

10.0 
11.7 
13.3 
15.0 
16.7 
33.3 
50.0 
66.7 
83.3 


99 

6 

9.9 

7 

11.6 

8 

13.2 

9 

14.9 

10 

16.5 

20 

33.0 

30 

49.5 

40 

66.0 

60 

82.5 

08 

9.8 
11.4 
13.1 
14.7 
16.3 
32.7 
49.0 
65.3 
81.7 


07 

96 

6 

9.7 

9.6 

7 

11.3 

11.2 

8 

12.9 

12.8 

9 

14.6 

14.4 

10 

16.2 

16.0 

20 

32.3 

32.0 

30 

48.5 

48.0 

40 

64.7 

64.0 

50 

80.8 

80.0 

94 

93 

6 

9.4 

9.3 

7 

11.0 

10.9 

8 

12.5 

12.4 

9 

14.1 

14.0 

10 

15.7 

15.5 

20 

31.3 

31.0 

80 

47.0 

46.5 

40 

62.7 

62.0 

60 

78.3 

77.5 

6 

7 
8 
9 
10 
20 
30 
40 


01 

00 

9.1 

9.0 

10.6 

10.5' 

12.1 

12.0 

13.7 

13.5 

15.2 

15.0 

30.3 

30.0 

45.5 

45.0 

60.7 

60.0 

75.8 

75.0 

06 

9.6 
11.1 
12.7 
14.3 
15.8 
31.7 
47.5 
63.3 
79.2 

02 

9.2 
10.7 
12.3 
13.8 
15.3 
30.7 
46.0 
61.3 
76.7 

2 

0.2 
0.2 
0.3 
0.3 
0.3 
0.7 
1.0 
1.3 
1.7 


P.P. 


090 


500  LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS 

8° 


0 

1 

2 
3 
4 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34^ 

35 
36 
37 
38 
39 

40 

41 
42 
43 

Jl 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59^ 

60 


L.Sin. 


9.14356 
9.14445 
9.14535 
9.14624 
9.14714 


9.14803 
9.14891 
9.14980 
9.15069 
9.15157 


9.15245 
9.15333 
9.15421 
9.15508 
9.15596 


9.15683 
9.15770 
9.15857 
9.15944 
9.16030 


9.16116 
9.16203 
9.16289 
9.16374 
9.16460 


9.16545 
9.16631 
9.16716 
9.16801 
9.16886 

9.16970 
9.17055 
9.17139 
9.17223 
9.17307 

9.17391 
9.17474 
9.17558 
9.17641 
9.17724 


9.17807 
9.17890 
9.17973 
9.18055 
9.18137 


9.18220 
9.18:^02 
9.18383 
9.18465 
9.18547 


9.18628 
9.18709 
9.18790 
9.18871 
9.18952 

9.19033 
9.19113 
9.19193 
9.19273 
9.19353 


9.19433 


L.  Cos. 


d. 


89 
90 
89 
90 
89 

88 
89 
89 
88 
88 

88 
88 
87 
88 
87 

87 
87 
87 
86 
86 

87 
86 
85 
86 

85 

86 
85 
85 
85 
84 

85 
84 
84 
84 
84 

83 
84 
83 
83 
83 

83 
83 
82 
82 
83 

82 
81 
82 
82 
81 

81 
81 
81 
81 
81 

80 
80 
80 
80 
80 


L.Tang. 


9.14780 
9.14872 
9.14963 
9.15054 
9.15145 


9.15236 
9.15327 
9.15417 
9.15508 
9.15598 


9.15688 
9.15777 
9.15867 
9.15956 
9.16046 


9.16135 
9.16224 
9.16312 
9.16401 
9.16489 


9.16577 
9.16665 
9.16753 
9.16841 
9.16928 


9.17016 
9.17103 
9.17190 
9.17277 
9.17363 


9.17450 
9.17536 
9.17622 
9.17708 
9.17794 


9.17880 
9.17965 
9.18051 
9.18136 
9.18221 


9.18306 
9.18391 
9.18475 
9.18560 
9.18644 

9.18728 
9.18812 
9.18896 
9.18979 
9.19063 

9.19146 
9.19229 
9.19312 
9.19395 
9.19478 


9.19561 
9.19643 
9.19725 
9.19807 
9.19889 


9.19971 


L.  Cotg. 


d.  c. 


92 
91 
91 
91 
91 

91 
90 
9L 
90 
90 

89 
90 
89 
90 
89 

89 
88 
89 
88 
88 

88 
88 
88 
87 
88 

87 
87 
87 
86 
87 

86 
86 
86 
86 
86 

85 
86 
85 
85 
85 

85 
84 
85 
84 
84 

84 
84 
83 
84 
83 

83 
83 
83 
83 
83 

82 
82 
82 
82 
82 


d.  c. 


L.  Cotg. 


0.85220 
0.85128 
0.85037 
0.84946 
0.84855 


0.84764 
0.84673 
0.84583 
0.84492 
0.84402 


0.84312 
0.84223 
0.84133 
0.84044 
0.83954 


0.83865 
0.83776 
0.83688 
0.»«99 
0.83511 


0.83423 
0.83335 
0.83247 
0.83159 
0.83072 


0.82984 
0.82897 
0.82810 
0.82723 
0.82637 


0.82550 
0.82464 
0.82378 
0.82292 
0.82206 


0.82120 
0.82035 
0.81949 
0.81864 
0.81779 


0.81694 
0.81609 
0.81525 
0.81440 
0.81356 


0.81272 
0.81188 
0.81104 
0.81021 
0.80937 


0.80854 
0.80771 
0.80688 
0.80605 
0.80522 


0.80439 
0.8a357 
0.80275 
0.80193 
0.80111 


0.80029 


L.Tang. 


L.  Cob. 


9.99575 
9.99574 
9.99572 
9.99570 
9.99568 


9.99566 
9.99565 
9.99563 
9.99561 
9.99559 


9.99557 
9.99556 
9.99554 
9.99552 
9.99550 


9.99548 
9.99546 
9.99545 
9.99543 
9.99541 


9.99539 
9.99537 
9.99535 
9.99533 
9.99532 


9.99530 
9.99528 
9.99526 
9.99524 
9.99522 


9.99520 
9.99518 
9.99517 
9.99515 
9.99513 


9.99511 
9.99509 
9.99507 
9.99505 
9.99503 


9.99501 
9.99409 
9.99497 
9.99495 
9.99494 


9.99492 
9.99490 
9.99488 
9.99486 
9.99484 


9.99482 
9.99480 
9.99478 
9.99476 
9.99474 


9.99472 
9.99470 
9.99468 
9.99466 
9.99464 


9^62 
L.  Sin. 


60 

59 
58 
57 
56 


55 
54 
58 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 
39 
38 
87 
36 

35 
84 
33 
82 
81 


30 

29 
28 
27 
26 


25 
24 
28 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 

8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


92 

91 

6 

9.2 

9.1 

7 

10.7 

10.6 

8 

12.3 

12.1 

9 

13.8 

13.7 

10 

15.3 

15.2 

20 

30.7 

30.3 

30 

46.0 

45.5 

40 

61.3 

60.7 

50 

76.7    75.8  1 

90 

9.0 
10.5 
12.0 
13.5 
15.0 
80.0 
45.0 
60.0 
75.0 


89 

6 

8.9 

7 

10.4 

8 

11.9 

9 

13.4 

10 

14.8 

20 

20.7 

30 

44.5 

40 

59.3 

50 

74.2 

87 

6 

8.7 

7 

10.2 

8 

11.6 

9 

13.1 

10 

14.5 

20 

29.0 

30 

43.5 

40 

58.0 

50 

72.5 

85 

6 

8.5 

7 

9.9 

8 

11.3 

9 

12.8 

10 

14.2 

20 

28.8 

80 

42.5 

40 

56.7 

50 

70.8 

83 

6 

8.3 

7 

9.7 

8 

11.1 

9 

12.5 

10 

18.8 

20 

27.7 

30 

41.5 

40 

56.3 

50 

69.2 

88 

8.8 
10.3 
11.7 
13.2 
14.7 
29.3 
44.0 
58.7 
73.3 

86 

8.6 
10.0 
11.5 
1-2.9 
14.3 
28.7 
43.0 
57.3 
71.7 

84 

8.4 
9.8 
11.2 
12.6 
14.0 
28.0 
42.0 
56.0 
70.0 

82 

8.2 
9.6 
10.9 
12.3 
13.7 
27.3 
41.0 
54.7 
68.3 


81 

80 

6 

8.1 

8.0 

7 

9.6 

9.3 

8 

10.8 

10.7 

9 

12.2 

12.0 

10 

13.5 

13.8 

20 

27.0 

26.7 

30 

40.5 

40.0 

40 

61.0 

68.3 

50 

67.5 

66.7 

2 

0.2 
0.2 
0.3 
U3 
0.8 
0.7 
1.0 
1.8 
1.7 


P.P. 


^ 


L0GABITHM8  OF  TRIGONOMETRIC  FUNCTIONS,       50) 

9** 


0 

1 

2 
3 

5 

6 
7 
8 

10 

11 
12 
13 

it 
15 
16 
17 
18 
19 

20 

21 
22 
23 

24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
U^ 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


L.Sin. 


9.19433 
9.19518 
9.19592 
9.19672 
9.19751 


9.19830 
9.19909 
9.19988 
9.20067 
9.20145 


9.20223 
9.2U302 
9.20380 
9.20458 
9.20535 


9.20613 
9.20691 
9.20768 
9.20845 

9.20922 


9.20999 
9.21076 
9.21153 
9.21229 
9.21306 


9.21382 
9.21458 
9.21534 
9.21610 
9.21685 


9.21761 
9.21836 
9.21912 
9.21987 
9.22062 


9.22137 
9.22211 
9.22286 
9.22361 
9.22435 


9.22509 
9.22583 
9.22657 
9.22731 
9.22805 


9.22878 
9.22952 
9.23025 
9.23098 
9.23171 


9.23244 
9.23317 
9.23390 
9.23462 
9.23535 


9.23607 
9.23679 
9.23752 
9.23823 
9.23895 

9.23967 


80 
79 
80 
79 
79 

79 
79 

79 
78 
78 

79 
78 
78 
77 
78 

78 
77 
77 
77 
77 

77 
77 
76 
77 
76 

76 
76 
76 
75 
76 

75 
76 
76 
75 
75 

74 
75 
75 

74 

74 

74 
74 
74 
74 
73 

74 
73 
73 
73 
73 

73 
73 
72 
73 

72 

72 
73 
71 

72 
72 


L.  Ck>s.  I  d. 


L.Tang. 


9.19971 
9.20053 
9.20134 
9.20216 
9.20297 


9.20378 
9.20459 
9.20540 
9.20621 
9.20701 


9.20782 
9.20862 
9.20912 
9.21022 
9.21102 


9.21182 
9.21261 
9.21341 
9.21420 
9.21499 


9.21578 
9.21657 
9.21736 
9.21814 
9.21893 


9.21971 
9.22049 
9.22127 
9.22205 
9.22283^ 

9r21S61 
9.22438 
9.22516 
9.22593 
9.22670 

9.22747 
9.22824 
9.22901 
9.22977 
9.23054 


9.23130 
9.23206 
9.23283 
9.23359 
9.23435 


9.23510 
9.23586 
9.23661 
9.23737 
9.23812 


9.23887 
9.23962 
9.24037 
9.24112 
9.24186 


9.24261 
9.24335 
9.24410 
9.24484 
9.24558 


9.24632 


L.  Cotg. 


cLc. 


82 
81 
82 
81 
81 

81 
81 
81 
80 
81 

80 
80 
80 
80 
80 

79 
80 
79 
79 
79 

79 
79 
78 
79 

78 

78 
78 
78 
78 
78 

77 
78 
77 
77 
77 

77 
77 
76 
77 
76 

76 
T7 
76 
76 
75 

76 
75 
76 
75 
75 

75 
75 
75 
74 
75 

74 
75 
74 
74 

74 


d.  c. 


L.  Cotg. 


0.80029 
0.79947 
0.79866 
0.79784 
0.79703 


0.79622 
0.79541 
0.79460 
0.79379 
0.79299 


0.79218 
0.79138 
0.79058 
0.78978 
0.78898 


0.78818 
0.78739 
0.78659 
0.78580 
0.78501 


0.78422 
0.78343 
0.78264 
0.78186 
0.78107 


0.78029 
0.77951 
0.77873 
0.77795 
0.77717 


0.77639 
0.77562 
0.77484 
0.77407 
0.77330 


0.77253 
0.77176 
0.77099 
0.77023 
0.76946 


0.76870 
0.76794 
0.76717 
0.76641 
0.76565 


0.76490 
0.76414 
0.76339 
0.76263 
0.76188 


0.76113 
0.76038 
0.75963 
0.75888 
0.75814 


0.75739 
0.76665 
0.75590 
0.75516 
0.75442 


0.75368 


L.Tang. 


L.G08. 


9.994itM 
9.99460 

9.99456 
9.99454 

9.99452 
9.99450 
9.99448 
9.99446 
9  99444 

9.99442 
9.99440 
9.99438 
9.99436 

9.994^ 
9.99429 
9.99427 
9.99425 
9^994^ 

9.99421 
9.99419 
9.99417 
9.99415 
9.994^ 

9.99411 
9.99409 
9.99407 
9.99404 
9.99402 

9.99400" 
9.99398 
9.99396 
9.99394 
9.99392 


9.99390 
9.99388 
9.99385 
9.99383 
9.99381 


9.99379 
9.99377 
9.99375 
9.99372 
9.99370 


9.99368 
9.99366 
9.99364 
9.99362 
9.99a'>9 


9.99357 
9.99365 
9.99363 
9.99351 
9.99348 


9.99346 

9.99342 
9.99340 
9.99337 


9^99335 
"L.  Sin. 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 

25 

23 

22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 
8 
7 
6 


5 
4 
8 
2 
JL^ 

0 


P.P. 


82 

81 

6 

8.2 

8.1 

7 

9.6 

9.5 

8 

10.9 

10.8 

9 

12.3 

12.2 

10 

13.7 

13.5 

20 

27.3 

27.0 

30 

41.0 

40.5 

40 

64.7 

64.0 

60 

68.3 

67.5 

80 

8.0 
0.3 
10.7 
1-2.0 
13.3 
26.7 
40.0 
53.3 
66.7 


79 

6 

7.9 

7 

9.2 

8 

10.6 

9 

11.9 

10 

13.2 

20 

26.3 

30 

39.5 

40 

52.7 

50 

65.8 

77 

6 

7.7 

7 

9.0 

8 

10.3 

9 

11.6 

10 

12.8 

20 

25.7 

30 

38.6 

40 

51.3 

50 

64.2 

75 

6 

7.5 

7 

8.8 

8 

10.0 

9 

11.3 

10 

12.5 

20 

25.0 

30 

37.5 

40 

50.0 

60 

62.5 

73 

6 

7.3 

7 

8.5 

8 

9.7 

9 

11.0 

10 

12.2 

20 

24.3 

30 

36.5 

40 

4a7 

50 

60.8 

78 

7.8 
9.1 
10.4 
11.7 
13.0 
26.0 
39.0 
52.0 
65.0 

76 

7.6 
8.9 
10.1 
11.4 
12.7 
25.3 
38.0 
60.7 
63.3 

74 

7.4 
8.6 
9.9 
11.1 
12.3 
24.7 
37.0 
49.3 
61.7 

72 

7.2 
8.4 
9.6 
10.8 
12.0 
24.0 
36.0 
48.0 
60.0 


71 

3 

6 

7.1 

0.3 

7 

8.3 

0.4 

8 

9.5 

0.4 

9 

10.7 

0.5 

10 

11.8 

0.5 

20 

23.7 

1.0 

30 

35.5 

1.5 

40 

47.3 

2.0 

50 

59.2 

2.5 

2 

0.2 
0.2 
0.3 
0.3 
0.3 
0.7 
1.0 
1.3 
1.7 


P.P. 


r 


502 


0 

1 

2 
8 
4 


5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 


30 

31 
32 
33 
34 


35 
36 
37 
38 
39 

40 

41 
42 
43 
44 


45 
46 

47 
48 
49 


50 

61 
52 
53 
54 

T5r 

56 
57 
58 
59 


60 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 

10° 


L.  Sin. 


9.23967 
9.24039 
9.24110 
9.24181 
9.24253 


9.24324 
9.24395 
9.24466 
9.24536 
JL24607 

9.24677 
9.24748 
9.24818 
9.24888 
9.24958 


9.25028 
9.25098 
9.-25168 
9.25237 
9.25307 


9.25376 
9.25445 
9.25514 
9.25583 
9.25652 

9.25721 
9.25790 
9.25858 
9.25927 
9.25995 


9.26063 
9.26131 
9.26199 
9.26267 
9.26335 


9.26i03 
9.26i70 
9.26538 
9.26605 
9.26672 


9.26739 
9.26806 
9.26873 
9.26940 
9.27007 


9.27073 
9.27140 
9.27206 
9.27273 
9.27339 


9.27405 
9.27471 
9.27537 
9.27602 
9.27668 

9.27734 
9.27799 
9.27864 
9.27930 
9.27995 


9.28060 


d. 


72 
71 
71 
72 
71 

71 
71 
70 
71 
70 

71 
70 
70 
70 
70 

70 
70 
69 
70 
69 

69 
69 
69 
69 
69 

69 
68 
69 
68 
68 

68 
68 
68 
68 

68 

67 
68 
67 
67 
67 

67 
67 
67 
67 
66 

67 
66 
67 
66 
66 

66 
66 
65 
66 
66 

65 
65 
66 
65 
65 


L.  Cos.  I  d. 


L.Tang.|  d.  c.  L.  Ck>tg. 


9.24632 
9.24706 
9.24779 
9.24853 
9.24926 


9.25000 
9.25073 
9.25146 
9.25219 
9.25292 


9.25365 
9.2M37 
9.25510 
9.25582 
9.25655 


9.25727 
9.25799 
9.25871 
9.25943 
9.26015 


9.26086 
9.26158 
9.26229 
9.26301 
9.26372 


9.26443 
9.26514 
9.26585 
9.26655 
9.26726 


9.26797 
9.26867 
9.26937 
9.27008 
9.27078 


9.27148 
9.27218 
9.27288 
9.27357 
9.27427 


9.27496 
9.27566 
9.27635 
9.27704 
9.27773 


9.27842 
9.27911 
9.27980 
9.28049 
9.28117 


9.28186 
9.28254 
9.28323 
9.28391 
9.28459 


9.28527 
9.28595 
9.28662 
9.28730 
9.28798 


9.28865 


L.  Cotg. 


74 
73 
74 
73 
74 

73 
73 
73 
73 
73 

72 
73 
72 
73 
72 

72 
72 
72 
72 
71 

72 
71 
72 
71 
71 

71 
71 
70 
71 
71 

70 
70 
71 
70 
70 

70 
70 
69 
70 
69 

70 
69 
69 
69 
69 

69 
69 
69 
68 
69 

68 
69 
68 
68 
68 

68 
67 
68 
68 
67 


d.  c. 


0.75368 
0.75294 
0.75221 
0.75147 
0.75074 


0.75000 
0.74927 
0.74854 
0.74781 
0.74708 


0.74635 
0.74563 
0.74490 
0.74418 
0.74dtf 


0.74278 
0.74201 
0.74129 
0.74057 
0.73985 


0.73914 
0.73842 
0.73771 
0.73699 
0.73628 


0.73657 
0.73486 
0.73415 
0.73345 
0.73274 


0.73203 
0.73133 
0.73063 
0.72992 
0.72922 


0.72852 
0.72782 
0.72712 
0.72643 
0.72573 


0.72504 
0.72434 
0.72365 
0.72296 
0.72227 


0.72158 
0.72089 
0.72020 
0.71951 
0.71883 


0.71814 
0.71746 
0.71677 
0.71609 
0.71641 

0.71473 
0.71405 
0.71338 
0.71270 
0.71202 


0.71135 


L.Tang. 

700 


L.  Cos. 

'9.99335 
9.99333 
9.99331 
9.99328 
9.99326 


9.99324 
9.99322 
9.99319 
9.99317 
9.99315 


9.99313 
9.99310 
9.99308 
9.99306 
9.99304 


9.99301 
9.99299 
9.99297 
9.99294 
9.99292 


9.99290 
9.99288 
9.99285 
9.99283 
9.99281 


9.99278 
9.99276 
9.99274 
9.99271 
9.99269 


9.99267 
9.99264 
9.99262 
9.99260 
9.99257 


9.99255 
9.99252 
9.99250 
9.99248 
9.99245 


9.99243 
9.99241 
9.99238 
9.99236 
9.99233 


9.99231 
9.99229 
9.99226 
9.99224 
9.99221 


9.99219 
9.99217 
9.99214 
9.99212 
9.99209 


9.99207 
9.99204 
9.99202 
9.99200 
9.99197 


9.99195 
L.  Sin. 


60 
59 
58 
57 
56 


55 
54 
63 
62 
61 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 
39 
38 
37 
36 


35 
84 
83 
32 
31 


SO 

29 
28 
27 
26 


26 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 

4 
8 
2 
1 


P.P. 


74 

7S 

6 

7.4 

7.3 

7 

8.6 

8.5 

8 

9.9 

9.7 

9 

11.1 

11.0 

10 

12.3 

12.2 

20 

24.7 

24.3 

30 

37.0 

36.5 

40 

49.8 

48.7 

50 

61.7 

60.8 

72 

71 

6 

7.2 

7.1 

7 

8.4 

8.3 

8 

9.6 

9.5 

9 

10.8 

10.7 

10 

12,0 

11.8 

20 
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23.7 

80 

86.0 

35.6 

40 

48.0 

47.3 

60 

60.0 

59.2 

70 

6 

7.0 

7 

8.2 

8 

9.3 

9 

10.5 

10 

11.7 

20 

23.3 

30 

85.0 

40 

46.7 

50 

58.3 

68 

6 

6.8 

7 

7.9 

8 

9.1 

9 

10.2 

10 

11.3 

20 

22.7 

80 

34.0 

40 

45.3 

60 

66.7 

66 

6 

6.6 

7 

7.7 

8 

8.8 

9 

9.9 

10 

11.0 

20 

22.0 

8U 

83.0 

40 

44.0 

60 

66.0 

S 

6 

0.8 

7 

0.4 

8 

0.4 

9 

0.5 

10 

0.6 

10 

1.0 

80 

1.5 

40 

2.0 

60 

2.5 

69 

6.9 
8.1 
9.2 
10.4 
11.5 
28.0 
84.5 
46.0 
67.5 

67 

6.7 
7.8 
8.9 
10.1 
11.2 
22.3 
33.5 
44.7 
66.8 

66 

6.5 

7.6 

8.7 

9.8 

10.8 

21.7 

32.5 

48.8 

54.2 

t 

0.2 
0.2 
0.3 
0.3 
0J( 
0.7 
1.0 
IJS 
1.7 


P.P. 
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^ 


L.Sln. 


0 

1 
2 
3 

4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 


16 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

46 
46 
47 
48 
49 

50 

61 
62 
63 
54 

66 
66 
67 
68 
69 

eo 


9.28060 
9.28125 
9.28190 
9.28254 
9.28319 


9.28384 
9.28448 
9.28512 
9.28677 
9.28641 


9.28706 
9.28769 
9.28833 
9.28896 
9.28960 


9.29024 
9.29087 
9.29150 
9.29214 
9.29277 


9.29340 
9.29403 
9.29166 
9.29629 
9.29591 


9.29654 
9.29716 
9.29779 
9.29841 
9.29903 


9.29966 
9.30028 
9.30090 
9.30161 
9.30213 


9.30276 
9.30386 
9.30398 
9.30459 
9.30521 


9.30582 
9.30643 
9.30704 
9.30765 
9.80826 


9.30887 
9.30947 
9.31008 
9.31068 
9.31129 


9.81189 
9.81250 
9.31310 
9.31370 
9.31430 


9.81490 
9.81549 
9.81609 
9.31669 
9.81728 


9.81788 
L.  Cos. 


d. 


65 
65 
64 
65 
65 

64 
64 
65 


64 
64 
63 
64 
64 

63 
63 
64 
63 
63 

63 
63 
63 
62 
63 

62 
63 
62 
62 
63 

62 
62 
61 
62 
62 

61 
62 
61 
62 
61 

61 
61 
61 
61 
61 

60 
61 
60 
61 
60 

61 
60 
60 
60 
60 

69 
60 
60 
69 
60 

"37 


L.  Tang. 


9.28865 
9.28933 
929000 
9.29067 
9.29134 


9.29201 
9.29268 
9.293.^ 
9.29402 
9.29468 


9.29535 
9.29601 
9.29668 
9.29734 
9.29800 


9.29866 
9.29932 
9.29998 
9.30064 
9.30130 


9.30195 
9.30261 
9.30826 
9.30391 
9.30467 


9.30522 
9.30687 
9.30652 
9.30717 
9.30782 


9.30846 
9.30911 
9.30976 
9.31040 
9.31104 


9.31168 
9.31233 
9.31297 
9.31361 
9.31425 


9.31489 
9.31552 
9.31616 
9.31679 
9.31743 


9.31806 
9.31870 
9.31933 
9.31996 
9.32059 


9.32122 
9.32185 
9.32248 
9.32311 
9.32373 


9.32436 
9.32498 
9.32561 
9.32623 
9.32686 


9.32747 
L.  Cotg. 


d.  c.  IL.  Ck)tg. 


68 
67 
67 
67 
67 

67 
67 
67 

^ 

66 
67 
66 
66 
66 

66 
66 
66 
66 
66 

66 

65- 

66 

66 

65 

65 
65 
65 
65 
64 

65 
64 
65 
64 
64 

66 
64 
64 
64 
64 

63 
64 
63 
64 
63 

64 
63 
63 
63 
63 

63 
63 
63 
62 
63 

62 
63 
62 
62 
62 

d.  c. 


0.71135 
0.71007 
0.71000 
0.70933 
0.70866 


0.70799 
0.70732 
0.70665 
0.70598 
0.70532 


0.70465 
0.70399 
0.70332 
0.70266 
0.70200 


0.70134 
0.70068 
0.70002 
0.69936 
0.69870 


0.69805 
0.69739 
0.69674 
0.69609 
0.69543 


L.Cos. 


0.69478 
0.69413 
0.69348 
0.69288 
0.69218 


0.69154 
0.69089 
0.69025 
0.68960 
0.68896 


0.68832 
0.68767 
0.68703 
0.68639 
0.68575 


0.68511 
0.68448 
0.68384 
0.68321 
0.68257 


0.68194 
0.68130 
0.68067 
0.68004 
0.67941 


0.67878 
0.67815 
0.67752 
0.67689 
0.67627 


0.67564 
0.67502 
0.67439 
0.67377 
0.67316 


0.67263 
L.Tang. 

TOO 


9.99195 
9.99192 
9.99190 
9.99187 
9.99185 

9.99182 
9.99180 
999177 
9.99175 
9.99172 


9.99170 
9.99167 
9.99165 
9.99162 
9.99160 


9.99157 
9.99155 
9.99152 
9.99150 
9.99147 


9.99145 
9.99142 
9.99140 
9.99137 
9.99135 


9.99132 
9.99130 
9.99127 
9.99124 
9.99122 


9.99119 
9.99117 
9.99114 
9.99112 
9.99109 


9.99106 
9.99104 
9.99101 
9.99099 
9.99096 


9.99093 
9.99091 
9.99088 
9.99086 
9.99083 


9.99080 
9.99078 
9.99075 
9.99072 
9.99070 


9.99067 
9.99064 
9.99062 
9.99059 
9.99056 


9.99054 
9.99051 
9.99048 
9.99046 
9.99043 


9.99040 
L.  Sin. 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


P.P. 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


36 
34 
83 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


6 
4 
3 
2 
1 


68 

6 

6.8 

7 

7.9 

8 

9.1 

9 

10.2 

10 

11.3 

20 

22.7 

30 

34.0 

40 

453 

50 

56.7 

66 

6 

6.6 

7 

7.7 

8 

8.8 

9 

9.9 

10 

11.0 

20 

22.0 

80 

33.0 

40 

44.0 

60 

56.0 

64 

6 

6.4 

7 

7.5 

8 

8.5 

9 

9.6 

10 

10.7 

20 

21.3 

30 

82.0 

40 

42.7 

60 

63.3 

62 

6 

6.2 

7 

7.2 

8 

8.8 

9 

9.3 

10 

10.3 

20 

20.7 

80 

81.0 

40 

41.3 

60 

61.7 

60 

6 

6.0 

7 

7.0 

8 

8.0 

9 

9.0 

10 

10.0 

20 

20.0 

80 

30.0 

40 

40.0 

60 

50.0 

67 

6.7 

7.8 

8.9 
10.1 
11.2 
22.3 
33.5 
44.7 
55.8 

05 

6.6 

7.6 

8.7 

9.8 

10.8 

21.7 

8L.5 

48.3 

64.2 

68 

6.3 

7.4 

8.4 

9.6 

10.6 

21.0 

31.6 

42.0 

52.5 

61 

6.1 

7.1 

8.1 

9.2 

10.2 

20.3 

30.5 

40.7 

50.8 

58 

6.9 

6.9 

7.9 

8.9 

9.8 

19.7 

29.5 

39.3 

49.2 


8 

2 

6 

0.3 

0.2 

7 

0.4 

0.2 

8 

0.4 

0.3 

9 

0.5 

0.3 

10 

0.5 

0.3 

20 

1.0 

0.7 

30 

1.5 

1.0 

40 

2.0 

1.3 

60 

2.5 

1.7 
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0 
1 
2 
8 
4 

6 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
53 
M 

55 
56 
67 
58 
69 

60 
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12° 


L.  Sin. 


9.31788 
9.31847 
9.31907 
9.31966 
9.32025 


9.32084 
9.32143 
9.32202 
9.32261 
9.32319 


9.32378 
9.3:^37 
9.32495 
9.32553 
9.32612 


9.32670 
9.32728 
9.32786 
9.32844 
9.32902 


9.32960 
9.33018 
9.33076 
9.33133 
9.33190 


9.33248 
9.33305 
9.a3362 
9.33420 
9.33477 


9.33534 
9.33591 
9.33647 
9.33704 
9.33761 

9.33818 
9.33874 
9.33931 
9.33987 
9.34043 

9.34100 
9.34156 
9.34212 
9.34268 
9.34324 


9.34380 
9.34436 
9.34491 
9.34547 
9.34602 

9.34658 
9.34713 
9.34769 
9.34824 
9.34879 


9.34934 
9.34989 
9.35044 
9.35099 
9.35154 


9.35209 
L.  Cos. 


d. 


60 
60 
60 
69 
59 

69 
69 
60 
68 
69 

69 
68 
68 
69 
68 

68 
68 
68 
68 
68 

68 
67 
68 
57 
68 

57 
67 
68 
67 
67 

67 
66 
67 
67 
67 

66 
67 
56 
56 
57 

56 
56 
66 
56 
56 

66 
66 
56 
55 
56 

55 
56 
55 
55 
65 

65 
55 
65 
65 
65 

"d7 


L.Tang. 


9.32747 
9.32810 
9.32872 
9.32933 
9.32995 


9.33057 
9.33119 
9.33180 
9.33242 
9.33303 


9.3.3365 
9.33426 
9.33487 
9.33548 
9.33609 


9.33670 
9.33731 
9.33792 
9.33853 
9.33913 


9.33974 
9.34034 
9.34095 
9.34155 
9.34215 


9.34276 
9.34336 
9.34396 
9.34456 
9.34516 


9.34576 
9.34635 
9.34695 
9.34755 
9.34814 


9.34874 
9.34933 
9.34992 
9.35051 
9.35111 


9.35170 
9.35229 
9.35288 
9.35347 
9.35405 


9.35464 
9.35523 
9.35581 
9.35640 
9.35698 

9.35757 
9.35815 
9.35878 
9.35931 
9.35989 


9.36047 
9.36105 
9.36163 
9.36221 
9.36279 


9.36336 


L.  Cotg. 


d.  c. 


63 
62 
61 
62 
62 

62 
61 
62 
61 
62 

61 
61 
61 
61 
61 

61 
61 
61 
60 
61 

60 
61 
60 
60 
61 

60 
60 
60 
60 
60 

69 
60 
60 
69 
60 

69 
59 
59 
60 
69 

69 
69 
69 
58 
59 

59 
58 
59 
68 
59 

68 
68 
68 
68 
58 

68 
68 
68 
58 
67 

d.  c. 


L.  Cotg. 


0.67253 
0.67190 
0.67128 
0.67067 
0.67005 


0.66943 
0.66881 
0.66820 
0.66758 
0.66697 


0.66635 
0.66574 
0.66513 
0.66452 
0.66391 


0.66330 
0.66269 
0.66208 
0.66147 
0.66087 


0.66026 
0.65966 
0.65905 
0.65845 
0.65785 


0.65724 
0.65664 
0.65604 
0.65544 
0.65484 


0.65424 
0.65365 
0.65305 
0.65245 
0.65186 

0.65126 
0.65067 
0.65008 
0.64949 
0.64889 


0.64830 
0.64771 
0.64712 
0.64653 
0.64595 


0.64536 
0.64477 
0.64419 
0.64360 
0.64302 


0.64243 
0.64185 
0.64127 
0.64069 
0.64011 


0.63953 
0.63895 
0.63837 
0.63779 
0.63721 

0.63664 


L.Tang. 


L.  Cos. 


9.99040 
9.99038 
9.99035 
9.99032 
9.99030 


9.99027 
9.99024 
9.99022 
9.99019 
9.99016 


9.99018 
9.99011 
9.99008 
9.99005 
9.99002 


9.99000 
9.98997 
9.96994 
9.98991 
9.96989 


9.98986 
9.98988 
9.98960 
9.98978 
9.98976 


9.98972 
"•90969 
9.98967 
9.98964 
9.98961 


9.98958 
9.98965 
9.98953 
9.98950 
9.98947 


9.98944 
9.98941 
9.98938 
9.98936 
9.98988 


9.98930 
9.98927 
9.98924 
9.98921 
9.98919 


9.98916 
9.98913 
9.98910 
9.98907 

V.0O9U4 


9.98901 
9.98898 
9.98896 
9.96893 
9.98890 


9.98887 
9.98884 
9.98881 
9.98878 
9.98875 


9.98872 


L.  Sin. 


eo 

69 
68 
67 
66 


66 
64 
63 
62 
61 


50 

49 

48 
47 
46 


45 
44 
43 
42 
41 


40 

89 
88 
87 
86 


85 
84 
88 
82 
81 


80 

29 
28 
27 
26 


25 
24 
28 
22 
21 


20 

19 

18 

17 

J16 

15 
14 
18 
12 
11 


10 

9 
8 
7 
6 


5 
4 
8 
2 
1 


P.P. 


es 

02 
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6.3 

6.2 

7 

7.4 

7.2 

8 

8.4 

8.3 

9 

9.5 

9.3 

10 

10.5 

10.3 

20 

21.0 

20.7 

30 

81.5 

81.0 

40 

42.0 

41.3 

60 

62.6 

61.7 

ei 

eo 

6 

6.1 

6.0 

7 

7.1 

7.0 

8 

8.1 

8.0 

9 

9.2 

9.0 

10 

30.2 
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20 

20.3 

20.O 

30 

80.5 

30.0 

40 

40.7 

40.0 

60 

60.8 

60.0 

6 

7 

8 

9 

10 

20 

80 

40 

60 


59 

5.9 

6.9 

7.9 

8.9 

9.8 

19.7 

29.5 

89.8 

49.2 


58 

6 

6.8 

7 

6.8 

8 

7.7 

9 

8.7 

10 

9.7 

20 

19.8 

80 

29.0 

40 

88.7 

50 

48.8 

55 

6 

6.6 

7 

6.5 

8 

7.6 

9 

8.4 

10 

9.8 

20 

18.7 

80 

28.0 

40 

87.8 

60 

46.7 

57 

6.7 

6.7 

7.6 

8.6 

9.5 

19.0 

28.5 

88.0 

47.5 

5S 
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6.4 

7.8 

8.3 

9.2 

18.8 

27.5 

86.7 

45.8 


S 
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50 
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P.P. 
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1 
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6 
7 
8 
9 

10 

u 

12 
13 
U 


15 
16 
17 
18 
19 

20 

21 
22 
23 

24 

25 
26 
27 
28 
29 

30 

31 
32 
83 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 


SO 

51 
52 
53 
54 


65 

56 
57 
58 
59 


eo 


L00ASITHM8  OF  TRIGONOMETRIC  FUNCTIONS, 

130 


505 


L.Sin. 


9.35209 
9.35263 
9.35318 
9.35373 
9.35427 


9.35481 
9.35536 
9.35590 
9.35644 
9.35698 


9.35752 
9.35806 
9.35860 
9.35914 
9.35968 


9.36022 
9.86075 
9.36129 
9.36182 
9.36236 


9.36289 
9.36342 
9.36395 
9.36449 
9.36502 


9.36555 
9.36608 
9.36660 
9.36713 
9.36766 


9.36819 
9.36871 
9.36924 
9.36976 
9.37028 


9.37081 
9.37133 
9.37186 
9.37237 
9.37289 


9.37341 
9.37393 
9.37445 
9.37497 
9.37549 


9.37600 
9.37652 
9.37703 
9.37755 
9.37806 


9.37858 
9.37909 
9.37960 
9.38011 
9.38062 


9.38113 
9.88164 
9.38215 
9.88266 
9.88317 


9.38368 


L.GOS.  d. 


54 
55 
55 
54 
54 

55 
54 
54 
64 
64 

54 
54 
54 
54 
54 

53 
54 
53 
54 
68 

63 
53 
54 
58 
53 

53 
52 
53 
53 
53 

62 
53 
62 
62 
53 

52 
52 
52 
62 
52 

52 
52 
52 
52 
51 

52 
61 
52 
61 
52 

61 
51 
51 
51 
51 

51 
51 
51 
61 
61 


L.Taiig. 


9.36336 
9.36394 
9.36452 
9.36509 
9.36566 


9.36624 
9.36681 
9.36738 
9.36795 
9.36852 


9.36909 
9.36966 
9.37023 
9.37080 
9.37137 


9.37193 
9.37250 
9.37306 
9.37363 
9.37419 


9.37476 
9.37532 
9.37588 
9.37644 
9.37700 


9.37756 
9.37812 
9.37868 
9.37924 
9.37980 


9.38035 
9.38091 
9.38147 
9.38202 
9.38257 


9.38313 
9.38368 
9.38423 
9.38479 
9.38534 


9.38589 
9.38644 
9.38699 
9.38754 
9.38808 


9.38863 
9.38918 
9.38972 
9.39027 
9.39082 


9.39136 
9.39190 
9.39245 
9.39299 
9.39353 


9.39407 
9.39461 
9.39515 
9.39569 
9.39623 


9.39677 


L.  Cotg. 


d.  c.  L.  Cotg. 


58 
58 
67 
57 
58 

57 
57 
57 
57 
57 

57 
57 
57 
57 
56 

57 
56 
57 
66 
67 

66 
66 
56 
56 
56 

66 
56 
66 
66 
66 

66 
66 
55 
55 
56 

65 
55 
56 
65 
55 

55 
55 
55 
54 
55 

55 
54 
55 
55 
54 

64 
55 
54 
54 
54 

64 
64 
54 
64 
64 


0.63664 
0.63606 
0.63548 
0.63491 
0.63434 


0.63376 
0.63319 
0.63262 
0.63205 
0.63148 


0.63091 
0.63034 
0.62977 
0.62920 
0.62863 


0.62807 
0.62750 
0.62694 
0.62637 
0.62581 


0.62524 
0.62468 
0.62412 
0.62356 
0.62300 


0.62244 
0.62188 
0.62132 
0.62076 
0.62020 


0.61965 
0.61909 
0.61853 
0.61798 
0.61743 


0.61687 
0.61632 
0.61577 
0.61521 
0.61466 


0.61411 
0.61356 
0.61301 
0.61246 
0.61192 


0.61137 
0.61082 
0.61028 
0.60973 
0.60918 


0.60864 
0.60810 
0.60765 
0.60701 
0.60647 


0.60593 
0.60539 
0.60485 
0.60431 
0.60377 


0.60323 


d.  c.  L.Tang. 


L.  Cos. 


9.98872 
9.98869 
9.98867 
9.98864 
9.98861 

9.98858 
9.98855 
9.98852 
9.98849 
9.98^6 


9.98843 
9.98840 
9.98837 
9.98834 
9.98831 


9.98828 
9.98825 
9.98822 
9.98819 
9.98816 


9.98813 
9.98810 
9.98807 
9.98804 
9.98801 


9.98798 
9.98795 
9.98792 
9.98789 
9.98786 


9.98783 
9.98780 
9.98777 
9.98774 
9.98771 


9.98768 
9.98765 
9.98762 
9.98759 
9.98756 


9.98753 
9.98750 
9.98746 
9.98743 
9.98740 


9.98737 
9.98734 
9.98731 
9.98728 
9.98725 


9.98722 
9.98719 
9.98715 
9.98712 
9.98709 


9.98706 
9.98703 
9.98700 
9.98697 
9.98694 


9.98690 


L.  Sin. 


60 

59 
58 
57 
56 


55 
54 
53 
52 
61 


50 

49 
48 
47 
46 


45 
44 
43 
455 
41 


40 

89 
38 
87 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


58 

57 

6 

6.8 

6.7 

7 

6.8 

6.7 

8 

7.7 

7.6 

9 

8.7 

8.6 

10 

9.7 

9.5 

20 

19.3 

19.0 

30 

29.0 

28.5 

40 

38.7 

38.0 

60 

48.3 

47.5 

50 

55 

6 

6.6 

5.5 

7 

6.5 

6.4 

8 

7.5 

7.3 

9 

8.4 

8.3 

10 

9.3 

9.2 

20 

18.7 

18.3 

30 

28.0 

27.5 

40 

37.3 

36.7 

50 

46.7 

45.8 

6 

7 

8 

9 

10 

20 

80 

40 

60 


54 

5.4 

6.3 

7.2 

8.1 

9.0 

18.0 

27.0 

36.0 

45.0 


53 

6 

5.3 

7 

6.2 

8 

7.1 

9 

8.0 

10 

8.8 

20 

17.7 

80 

26.5 

40 

85.3 

60 

44.2 

51 

6 

6.1 

7 

6.0 

8 

6.8 

9 

7.7 

10 

8.5 

20 

17.0 

80 

25.5 

40 

34.0 

60 

42.5 

3 

6 

0.3 

7 

0.4 

8 

0.4 

9 

0.5 

10 

0.5 

20 

1.0 

30 

1.5 

40 

2.0 

50 

2.5 

52 

5.2 

6.1 

6.9 

7.8 

8.7 

17.8 

26.0 

34.7 

43.3 

4 

0.4 
0.6 
0.5 
0.6 
0.7 
1.3 
2.0 
2.7 
3.3 

2 

0.2 
0.2 
0.3 
0.3 
0.3 
0.7 
1.0 
1.3 
1.7 


P.P. 


VAO 


506 


0 

1 

2 
3 

_4 

5 
6 
7 
8 
9 


10 

11 
12 
18 
14 


15 
16 

17 
18 
19 


20 

21 
22 
23 
24^ 

25 
26 
27 
28 
29 


30 

31 
32 
33 
34 

36 
36 
37 
38 
39 


40 

41 
42 
43 

44 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 


eo 


LOOABITEMS  OF  TBXQOmUETRIC  FVNCTIOim, 


L.  Sin. 


9.38368 
9.38418 
9.38469 
9.38519 
9.38570 


9.38620 
9.38670 
9.38721 
9.38771 
9.38821 


9.38871 
9.38921 
9.38971 
9.39021 
9.39071 


9.39121 
9.39170 
9.39220 
9.39270 
9.39319 


9.39369 
9.39418 
9.39467 
9.39517 
9.39566 


9.39615 
9.39664 
9.39713 
9.39762 
9.39811 


9.39860 
9.39909 
9.39958 
9.40006 
9.40055 


9.40103 
9.40152 
9.40200 
9.40249 
9.40297 


9.40346 
9.40394 
9.40442 
9.40490 
9.40538 


9.40586 
9.40634 
9.40682 
9.40730 
9.40778 

9.40825 
9.40873 
9.40921 
9.40968 
9.41016 

9.41063 
9.41111 
9.41158 
9.41205 
9.41252 


9.41300 
L.COS. 


d. 


50 
51 
50 
51 
50 

50 
51 
50 
50 
50 

50 
50 
50 
50 
50 

49 
50 
50 
49 
50 

49 
49 
50 
49 
49 

49 
49 
49 
49 
49 

49 
49 
48 
49 
48 

49 
48 
49 
48 
49 

48 
48 
48 
48 
48 

48 
48 
48 
48 
47 

48 
48 
47 
48 

47 

48 
47 
47 
47 
48 


L.Tang.|  d.  c. 


9.39677 
9.39731 
9.39785 
9.39838 
9.39892 


9.39945 
9.39999 
9.40052 
9.40106 
9.40159 


9.40212 
9.40266 
9.40319 
9.40372 
9.40425 


9.40478 
9.40531 
9.40584 
9.40636 
9.4b689 


9.40742 
9.40795 
9.40847 
9.40900 
9.40952 


9.41005 
9.41057 
9.41109 
9.41161 
9.41214 


9.41266 
9.41318 
9.41370 
9.41422 
9^474 

9.41526 
9.41578 
9.41629 
9.41681 
9.41733 


9.41784 
9.41836 
9.41887 
9.41939 
9.41990 


9.42041 
9.42093 
9.42144 
9.42195 
9.42246 


9.42297 
9.42348 
9.42399 
9.42450 
9.42501 


9.42552 
9.42603 
9.42653 
9.42704 
9^42756 

9.42805 

d.  L.  Ctotg. 


54 
54 
53 
54 
53 

54 
53 
54 
53 
53 

54 
53 
53 
53 
53 

53 
53 
52 
53 
53 

53 
52 
53 
52 
53 

52 
52 
52 
53 
62 

fi2 
52 
52 
52 
52 

52 
51 
52 
52 
51 

52 
51 
52 
51 
51 

52 
51 
51 
61 
61 

51 
51 
61 
51 
51 

61 
60 
51 
51 
50 

d.  c. 


L.  Cot^r. 


0.60323 
0.60269 
0.60215 
0.60162 
0.60108 


0.60055 
0.60001 
0.59948 
0.59894 
0.59841 


0.59788 
0.59734 
0.59681 
0.59628 
0.59575 


0.59522 
0.59469 
0.59416 
0.59364 
0.59311 


0.59258 
0.59205 
0.59153 
0.59100 
0.59048 


0.58995 
0.58943 
0.58891 
0.58839 
0.58786 


0.58734 
0.58682 
0.58630 
0.58578 
0.58526 


0.58474 
0.58422 
0.58371 
0.58319 
0.58267 


0.58216 
0.58164 
0.58113 
0.58061 
0.58010 


0.57959 
0.57907 
0.57856 
0.57805 
0.57754 


0.57703 
0.57652 
0.57601 
0.57550 
0.57499 


0.57448 
0.57397 
0.57347 
0.57296 
0.57245 


0.57195 
L.Tang. 

7B« 


L.  Cos. 


9.98690 
9.98687 
9.98684 
9.98681 
9.96678 


9.98675 
9.96671 
9.98668 
9.98665 
9.98662 


9.98659 
9.98656 
9.98652 
9.98649 
9.96646 


9.98643 
9.98640 
9.98636 
9.98633 
9.98630 


9.98627 
9.96623 
9.98620 
9.96617 
9.96614 


9.96610 
9.98607 
9.98604 
9.98601 
9.98597 


9.96594 
9.98591 
9.98588 
9.98584 
9.98581 


9.98578 
9.98574 
9.98571 
9.98568 
9.98565 


9.98561 
9.98558 
9.98555 
9.98551 
9.98548 


9.98545 
9.98541 
9.98538 
9.98535 
9.98531 


9.98528 
9.98525 
9.96521 
9.98518 
9.98516 


9.98511 
9.98508 
9.96505 
9.96501 
9.96496 


9.98494 
L.Sin. 


3 
3 
3 
S 
3 

4 
8 
3 
3 
3 

3 
4 
3 
8 
3 

3 
4 
3 
8 
3 

4 
3 
3 
8 
4 

3 
3 
3 
4 
8 

8 
3 
4 
3 
3 

4 
3 
3 
8 
4 

8 
3 
4 
8 
8 

4 
8 
8 
4 
8 

8 
4 
8 
8 
4 

3 
8 
4 
8 

4 


eo 

59 
68 
67 
66 


65 
64 
63 
62 
61 


SO 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 
89 
88 
87 
86 


85 
84 
83 
82 
81 


SO 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 
8 
7 

J^ 

6 
4 
8 
2 
1 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


P.P. 


S4 

6 

6.4 

7 

6.3 

8 

7.2 

9 

8.1 

10 

9.0 

20 

18.0 

80 

27.0 

40 

36.0 

60 

45.0 

52 

5.2 

6.1 

6.9 

7.8 

8.7 

17.3 

26.0 

34.7 

43.3 


SO 

6 

6.0 

7 

6.8 

8 

6.7 

9 

7.5 

10 

8.3 

20 

16.7 

30 

25.0 

40 

38.3 

60 

41.7 

48 

4.8 

6.6 

6.4 

7.2 

&0 

16.0 

24.0 

82.0 

40.0 


53 

5.3 

6.2 

7.1 

8.0 

8.8 

17.7 

26.5 

35.3 

44.2 


SI 

5.1 

6.0 

6.8 

7.7 

8.5 

17.0 

25.5 

34.0 

42.5 


49 

4.9 

5.7 

6.6 

7.4 

8.2 

16.3 

24.6 

82.7 

40.8 


47 

4.7 

5.5 

6.3 

7.1 

7.8 

16.7 

23.6 

30 

39.2 


4 

s 

6 

a4 

0.S 

7 

a5 

0.4 

8 

0.5 

0.4 

9 

0.6 

0.6 

10 

a7 

a6 

20 

1.8 

1.0 

80 

2.0 

1.5 

40 

2.7 

2.0 

60 

8.S 

2.5 

P.P. 


0 

1 

2 

3 

± 

5 

6 
7 
8 
9 


10 
11 
12 
13 
14 


15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 

27 
28 
29 

30 

31 
32 
33 
34 


35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 


50 

51 
52 
53 

54 


55 
56 
57 
58 
59 


eo 


LOQARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 


607 


L.  Sin. 


9.41300 
9.41347 
9.41394 
9.41441 
9.41488 


9.41535 
9.41582 
9.41628 
9.41675 
9.41722 


9.41768 
9.41815 
9.41861 
9.41908 
9.41954 


9.42001 
9.42047 
9.42093 
9.42140 
9.42186 


9.42232 
9.42278 
9.42324 
9.42370 
9.42416 


9.42461 
9.42607 
9.42553 
9.42599 
9.42644 


9.42690 
9.42785 
9.42781 
9.42826 
9.42872 


9.42917 
9.42962 
9.43008 
9.43053 
9.43098 


9.43143 
9.43188 
9.43233 
9.43278 
9.43323 


9.43367 
9.43412 
9.43457 
9.43502 
9.43546 


9.43591 
9.43635 
9.43680 
9.48724 
9.43769 


9.43813 
9.43857 
9.43901 
9.43946 
9.43990 


9.44034 


L.G08. 


47 
47 
47 
47 
47 

47 
46 
47 

47 
46 

47 
46 
47 
46 
47 

46 
46 
47 
46 
46 

46 
46 
46 
46 
45 

46 
46 
46 
45 
46 

45 
46 
45 
46 
45 

45 
46 
45 
45 
45 

45 
45 
45 
45 

44 

45 
45 
45 
44 
45 

44 
45 
44 
45 
44 

44 
44 
45 
44 
44 


L.Tang. 


9.42805 
9.42856 
9.42906 
9.42957 
9.43007 


9.43057 
9.43108 
9.43158 
9.43208 
9.43258 


9.43308 
9.43358 
9.43408 
9.43458 
9.43508 


9.43558 
9.43607 
9.43657 
9.43707 
9.43756 


9.43806 
9.43855 
9.43905 
9.43954 
9.44004 


9.44053 
9.44102 
9.44151 
9.44201 
9.44250 


9.44299 
9.44348 
9.44397 
9.44446 
9.44495 


9.44544 
9.44592 
9.44641 
9.44690 
9.44738 


9.44787 
9.44836 
9.44884 
9.44933 
9.44981 


9.45029 
9.45078 
9.45126 
9.45174 
9.45222 


9.45271 
9.45319 
9.45367 
9.45415 
9.45463 


9.45511 
9.45559 
9.45606 
9.45654 
9.45702 


9.45750 


d.^ L.  Cotg.  d.  c 


d.  c. 


51 
50 
51 
60 
50 

51 
60 
50 
50 
50 

60 
50 
50 
50 
50 

49 
60 
60 
49 
50 

49 
50 
49 
50 
49 

49 
49 
50 
49 
49 

49 
49 
49 
49 
49 

48 
49 
49 
48 
49 

49 
48 
49 
48 
48 

49 
48 
48 
48 
49 

48 
48 
48 
48 
48 

48 
47 
48 
48 
48 


L.  Cotg. 


0.57195 
0.57144 
0.57094 
0.57043 
0.56993 


0.56943 
0.56892 
0.56842 
0.56792 
0.56742 


0.56692 
0.56642 
0.56592 
0.56542 
0.56492 


0.56442 
0.56393 
0.56343 
0.56293 
0.56244 


0.56194 
0.56145 
0.56095 
0.56046 
0.55996 


0.55947 
0.55898 
0.55849 
0.56799 
0.55750 


0.55701 
0.55652 
0.55603 
0.55554 
0.55505 


0.56456 
0.55408 
0.55359 
0.55310 
0.55262 


0.55213 
0.55164 
0.55116 
0.55067 
0.55019 


0.54971 
0.54922 
0.54874 
0.54826 
0.54778 


0.54729 
0.54681 
0.54633 
0.54585 
0.54537 


0.54489 
0.54141 
0.54394 
0.54346 
0.54298 


0.54250 


<l 


L.Tang. 
74** 


L.  Cos. 


9.98494 
9.98491 
9.98488 

9.98481 


9.98477 
9.98474 
9.98471 
9.98467 
9.98464 


9.98460 
9.98457 
9.98453 
9.98450 
9.98447 


9.98436 
9.98433 
9.98429 


9.98426 
9.96422 
9.98419 
9.98415 
9.98412 


9.98409 
9.98405 
9.98402 
9.98398 
9.96395 


9.98391 
9.98388 
9.98884 
9.98381 
9.98377 


9.98373 
9.98370 
9.98366 
9.98363 
9.98359 


9.98356 
9.98352 
9.98349 
9.98345 
9.98342 


9.98338 
9.98334 
9.98331 
9.98327 
9.98324 


9.98320 
9.98317 
9.98313 
9.98309 
9.98306 


9.98302 
9.98299 
9.98295 
9.98291 
9.98288 


9.98284 


L.  Sin. 


d. 


8 
3 
4 
8 
4 

8 
8 
4 
8 
4 

3 
4 
8 
8 
4 

8 
4 
3 
4 
3 

4 
3 
4 
3 
3 

4 
8 
4 
3 
4 

3 

4 
3 
4 
4 

8 
4 
3 
4 
8 

4 
8 
4 
3 
4 

4 
3 
4 
8 
4 

8 
4 
4 
8 
4 

3 

4 
4 
8 

4 


d. 


eo 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 

48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 

25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


SI 

6 

5.1 

7 

6.0 

8 

6.8 

9 

7.7 

10 

8.5 

20 

17.0 

80 

25.5 

40 

34.0 

60 

42.5 

49 

6 

4.9 

7 

5.7 

8 

6.5 

9 

7.4 

10 

8.2 

20 

16.3 

30 

24.5 

40 

32.7 

50 

40.8 

47 

6 

4.7 

7 

5.5 

8 

6.3 

9 

7.1 

10 

7.8 

20 

15.7 

30 

23.5 

40 

31.3 

50 

89.2 

45 

6 

4.5 

7 

5.3 

8 

6.0 

9 

6.8 

10 

7.5 

20 

15.0 

30 

22.5 

40 

30.0 

50 

37.6 

4 

6 

0.4 

7 

0.5 

8 

0.5 

9 

0.6 

10 

0.7 

20 

1.3 

80 

2.0 

40 

2.7 

50 

3.3 

90 

5.0 

5.8 

6.7 

7.5 

8.3 

16.7 

25.0 

33.3 

41.7 


48 

4.8 

5.6 

6.4 

7.2 

8.0 

16.0 

24.0 

32.0 

40.0 


46 

4.6 

5.4 

6.1 

6.9 

7.7 

15.3 

23.0 

30.7 

88.8 


44 

4.4 

5.1 

5.9 

6.6 

7.3 

14.7 

22.0 

29.3 

36.7 


3 

0.3 
0.4 
0.4 
0.5 
0.5 
1.0 
1.5 
2.0 
2.5 


P.P. 


r 
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16° 


0 

1 
2 
3 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 

J?. 

40 

41 

42 

43 

44 

45 
46 
47 
48 
49 

SO 
51 
52 
53 

55 
56 
57 
58 
59 

60 


L.  Sin. 


9.44034 
9.44078 
9.44122 
9.44166 
9.44210 


9.44253 
9.44297 
9.44341 
9.44385 
9.44428 


9.44472 
9.44516 
9.44559 
9.44602 
9.44646 


9.44689 
9.44733 
9.44776 
9.44819 
9.44862 


9.44905 
9.44948 
9.44992 
9.45035 
9.45077 


9.45120 
9.45163 
9.45206 
9.45249 
9.45292 


9.45334 
9.45377 
9.45419 
9.45462 
9.45504 


9.45547 
9.45589 
9.45632 
9.45674 
9.45716 


9.45758 
9.45801 
9.45843 
9.45885 
9.45927 


9.45969 
9.46011 
9.46053 
9.46095 
9.46136 

9.46178 
9.46220 
9.46262 
9.46303 
9.46345 

9.46386 
9.46428 
9.46469 
9.46511 
SL46552 

9.46594 


L.  Cos. (^ 


d. 


44 
44 
44 
44 
43 

44 
44 
44 
43 
44 

44 
43 
43 
44 
43 

44 
43 
43 
43 
43 

43 
44 
43 
42 
43 

43 
43 
43 
43 
42 

43 
42 
43 
42 
43 

42 
43 
42 
42 
42 

48 
42 
42 
42 
42 

42 
42 
42 
41 
42 

42 
42 
41 
42 
41 

42 
41 
42 
41 
42 


L.Tang. 


9.45760 
9.45797 
9.45845 
9.45892 
9.45940 


9.45987 
9.46035 
9.46082 
9.46130 
9.46177 


9.46224 
9.46271 
9.46319 
9.46366 
9.46413 


9.46460 
9.46507 
9.46554 
9.46601 
9.46648 


9.46694 
9.46741 
9.46788 
9.46835 
9.46881 


9.46928 
9.46975 
9.47021 
9.47068 
9.47114 


47 

48 
47 
48 

47 

48 
47 
48 
47 
47 

47 
48 
47 
47 
47 

47 
47 
47 
47 
46 

47 
47 
47 
46 
47 

47 
46 
47 
46 
46 

47 
46 
46 
47 
46 

46 
46 
46 
46 
46 

46 
46 

46 
46 
46 

45 
46 

46 
46 
45 

46 
45 
46 
45 
45 

46 
45 
45 
46 
45 
9.48534 

L.  Cotg.  d.  c 


9.47160 
9.47207 
9.47253 
9.47299 
9.47346 


9.47392 
9.47438 
9.47484 
9.47530 
9.47576 


9.47622 
9.47668 
9.47714 
9.47760 
9.47806 


9.47852 
9.47897 
9.47943 
9.47989 
9.48035 


9.48080 
9.48126 
9.48171 
9.48217 
9.48262 


9.48307 
8.48353 
9.48398 
9.48443 
9.48489 


d.  c. 


L.  Cotg. 


0.54250 
0.54203 
0.54155 
0.54108 
0.54060 


0.54013 
0.53965 
0.53918 
0.53870 
0.53823 


0.53776 
0.53729 
0.53681 
0.53634 
0.53587 


0.53540 
0.53493 
0.53446 
0.53399 
0.53352 


0.53306 
0.53259 
0.53212 
0.53165 
0.53119 


0.53072 
0.53025 
0.52979 
0.52932 
0.52886 


0.52840 
0.52793 
0.52747 
0.52701 
0.52654 


0.52606 
0.52562 
0.52516 
0.52470 
0.52424 


0.52378 
0.52332 
0.52286 
0.52240 
0.52194 


0.52148 
0.52103 
0.52057 
0.52011 
0.51965 


0.51920 
0.51874 
0.51829 
0.51783 
0.51738 


0.51603 
0.51647 
0.51602 
0.51557 
0.51511 


0.51466 
L.Tang. 

73* 


L.  Cos. 


9.98284 
9.98281 
9.98277 
9.98273 
9.98270 


9.98266 
9.96262 
9.96259 
9.98255 
9.96251 


9.98248 
9.96244 
9.96240 
9.96237 
9.96233 


9.96229 
9.98226 
9.98222 
9.98218 
9.98216 


9.982U 
9.96207 
9.98204 
9.98200 
9.98196 


9.98192 
9.98189 
9.98185 
9.98181 
9.98177 


9.98174 
9.98170 
9.98166 
9.98162 
9.98159 


9.98155 
9.98161 
9.98147 
9.96144 
9.98140 


9.98186 
9.98132 
9.98129 
9.96125 
9.98121 


9.98117 
9.98113 
9.98110 
9.98106 
9.98102 


9.98098 
9.98094 
9.98090 
9.98087 
9.98083 


9.98079 
9.98075 
9.98071 
9.98067 
9.98063 


9.98060 
L.  Sin. 


8 


8 
dT 


00 
69 
68 
67 
66 


65 
64 
63 
62 
61 


SO 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

89 
88 
87 
86 


86 
84 
83 
82 
81 


SO 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


16 
14 
18 
12 
11 


10 

9 

8 

7 

_6 

6 
4 
8 
2 
1 


P.P. 


48 

6 

4.8 

7 

6.6 

8 

6.4 

9 

7.2 

10 

8.0 

20 

16.0 

80 

24.0 

40 

82.0 

60 

40.0 

6 

40 

4.6 

7 

6.4 

8 

6.1 

9 

6.9 

10 

7.7 

20 

15.8 

m 

23.0 

40 

30.7 

60 

88.3 

44 

6 

4.4 

7 

6.1 

8 

6.9 

9 

6.6 

10 

7.8 

20 

14.7 

30 

22.0 

40 

29.3 

60 

36.7 

42 

6 

4.2 

7 

4.9 

8 

5.6 

9 

6.3 

10 

7.0 

20 

14.0 

30 

21.0 

40 

28.0 

60 

85.0 

4 

6 

0.4 

7 

0.5 

8 

0.6 

9 

0.6 

10 

0.7 

20 

1.8 

80 

2.0 

40 

2.7 

60 

8.8 

47 

4.7 

6.6 

6.8 

7.1 

7.8 

15.7 

23.5 

31.3 

39.2 


4S 

4.5 

6.8 

6.0 

6.8 

7.5 

15.0 

22.5 

30.0 

37.5 


43 

4.8 

5.0 

5.7 

6.5 

7.2 

14.3 

21.5 

28.7 

35.8 


41 

4.1 

4.8 

5.6 

6.2 

6.8 

13.7 

20.5 

27.8 

34.2 


S 

0.3 
0.4 
0.4 

a6 

0.5 
1.0 
1.6 
2.0 
2.6 


P.P. 
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17<» 


509 


0 

1 

2 
8 

4^ 

5 

6 
7 
8 
9 


10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
» 

30 

31 
32 
33 

it 

35 
36 
37 
38 

_?i 
40 

41 
42 
43 
44 

45 
46 
47 

48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


L.S1I1. 


9.46594 
9.46635 
9.46676 
9.46717 
9.46758 


9.46800 
9.46841 
9.46882 
9.46923 
9.46964 


9.47005 
9.47045 
9.47086 
9.47127 
9.47168 


9.47209 
9.47249 
9.47290 
9.47330 
9.47371 


9.47411 
9.47452 
9.47492 
9.47533 
9.47573 


9.47613 
9.47654 
9.47694 
9.47734 
9.47T74 


9.47814 
9.47854 
9.47894 
9.47934 
9.47974 


9.48014 
9.48054 
9.48094 
9.48133 
9.48173 


9.48213 
9.48252 
9.48292 
9.48332 
9.48371 


9.48411 
9.48450 
9.48490 
9.48529 
9.48568 


9.48607 
9.48647 
9.48686 
9.48725 
9.48764 


9.48803 
9.48842 
9.48881 
9.48920 
9.48959 


d. 


9.48998 
L.  Cos. 


41 
41 
41 
41 
42 

41 
41 
41 
41 
41 

40 
41 
41 
41 
41 

40 
41 
40 
41 
40 

41 
40 
41 
40 
40 

41 

40 
40 
40 
40 

40 
40 
40 
40 
40 

40 
40 
39 
40 
40 

39 
40 
40 
89 
40 

39 
40 
89 
89 
39 

40 
39 
39 
39 
39 

39 
39 
39 
39 
39 


L.Taiig. 


9.48534 
9.48579 
9.48624 
9.48669 
9.48714 


9.48759 
9.48804 
9.48849 
9.48894 
9.48930 


9.48984 
9.49029 
9.49073 
9.49118 
9.49163 


9.49207 
9.49252 
9.49296 
9.49341 
9.49385 


9.49430 
9.49474 
9.49519 
9.49563 
9.49607 


9.49652 
9.49696 
9.49740 
9.49784 
9.49828 


9.49872 
9  49916 
9.19960 
9.50004 
9.50048 


9.50092 
9.50136 
9.50180 
9.50223 
9.50267 


9.50311 
9.50355 
9.50398 
9.50442 
9.50485 


9.50529 
9.50572 
9.50616 
9.50659 
9.50703 


9.50746 
9.50789 
9.50833 
9.50876 
9.50919 


d.  c. 


9.50962 
9.51005 
9.51048 
9.51092 
9.51135 


9.51178 
L.  Coig. 


45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 
44 
45 
45 
44 

45 
44 
45 
44 
45 

44 

45 
44 
44 
45 

44 
44 
44 
44 
44 

44 
44 
44 
44 
44 

44 
44 
43 
44 
44 

44 
43 
44 
43 

44 

43 
44 
43 
44 
43 

43 
44 
43 
43 
43 

43 
43 
44 
43 
43 

d.  c. 


L.  Cotg. 


0.51466 
0.51421 
0.51876 
0.51831 
0.51286 


0.51241 
0.51196 
0.51151 
0.51106 
0.51061 


0.51016 
0.50971 
0.50927 
0.50882 
0.50837 


0.50793 
0.50748 
0.50704 
0.50659 
0.50615 


0.50570 
0.50526 
0.50481 
0.50437 
0.50393 


0.50348 
0.50304 
0.50260 
0.60216 
0.50172 


0.50128 
0.50084 
0.50040 
0.49996 
0.49952 


0.49908 
0.49864 
0.49820 
0.49777 
0.49733 


0.49689 
0.49645 
0.49602 
0.49558 
0.49515 


0.49471 
0.49428 
0.49384 
0.49341 
0.49297 


0.49254 
0.49211 
0.49167 
0.49124 
0.49081 


0.49038 
0.48995 
0.48952 
0.48908 
0.48865 


L.  Cos< 


0.48822 
L.Tang. 

72** 


9.98060 
9.98056 
9.98052 
9.98048 
9.98044 


9.98040 
9.98036 
9.98032 
9.98029 
9.98025 


9.98021 
9.98017 
9.98013 
9.98009 
9.98005 


9.98001 
9.97997 
9.97993 
9.97989 
9.97986 


9.97982 
9.97978 
9.97974 
9.97970 
9.97966 


9.97962 
9.97958 
9.97954 
9.97950 
9,97946 


4 
4 
4 
4 
4 

4 
4 
3 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
3 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 

4 
4 

4 
4 
4 
4 
4 

4 
4 
4 

4 
4 

4 
4 
4 
4 
5 

4 
4 
4 
4 
4 

4 
4 
4 
4 

9.97821   ^ 
L.  Sin.  d 


9.97942 
9.97938 
9.97934 
9.97930 
9.97926 


9.97922 
9.97918 
9.97914 
9.97910 
9.97906 


9.97902 
9.97898 
9.97894 
9.97890 
9.97886 


9.97882 
9.97878 
9.97874 
9.97870 
9.97866 


9.97861 
9.97857 
9.97853 
9.97849 
9.97845 


9.97841 
9.97837 
9.97833 
9.97829 
9.97825 


d. 


eo 

59 
58 
57 
56 


55 
54 
53 
52 

50 

49 
48 
47 
46 


45 
44 
43 
42 

iL 
40 

39 
38 
87 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
2o 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


P.P. 


15 
14 
13 
12 
11 


10 

9 

8 
7 
6 


5 
4 
3 
2 
1 


/ 


45 

44 

6 

4.5 

4.4 

7 

5.3 

5.1 

8 

6.0 

5.9 

9 

6.8 

6.6 

10 

7.5 

7.3 

20 

15.0 

14.7 

30 

22.5 

22.0 

40 

30.0 

29.3 

60 

87.5 

86.7 

6 

7 

8 

9 

10 

20 

30 

40 

50 


48 

4.3 
5.0 
5.7 
6.5 

7.2 
14.3 
21.5 

28.7 
35.8 


42 

6 

4.2 

7 

4.9 

8 

5.6 

9 

6.3 

10 

7.0 

20 

14.0 

30 

21.0 

40 

28.0 

50 

35.0 

40 

6 

4.0 

7 

4.7 

8 

5.3 

9 

6.0 

10 

6.7 

20 

13.3 

80 

20.0 

40 

26.7 

50 

33.3 

41 
4.1 

4.8 

5.5 

6.2 

6.8 

13.7 

20.5 

27.3 

34.2 


89 

3.9 

4.6 

5.2 

5.9 

6.5 

13.0 

19.6 

26.0 

32.5 


5 

4 

6 

0.5 

0.4 

7 

0.6 

0.5 

8 

0.7 

0.5 

9 

0.8 

0.6 

10 

0.8 

0.7 

20 

1.7 

1.3 

30 

2.5 

2.0 

40 

3.3 

2.7 

50 

4.2 

8.3 

O.J 
0.4 
0.4 
0.5 
0.6 
1.0 
1.5 
2.0 
2.5 


P.P. 


510 


1 
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180 


0 

1 

2 

3 

_4 

5 
6 
7 
8 
_9 

10 

11 
12 
13 

ii 
15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 


30 

31 
32 
33 
34 


35 
36 
37 
38 
39 

40 
41 

42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 

58 
59 

60 


L.  Sin.   d. 


9.48998 
9.49037 
9.49076 
9.49115 
9.49153 


9.49192 
9.49231 
9.49269 
9.49308 
9.49347 


9.49385 
9.49424 
9.49462 
9.49500 
9.49539 


9.49577 
9.49615 
9.49654 
9.49692 
9.49730 


9.49768 
9.49806 
9.49844 
9.49882 
9.49920 


9.49958 
9.49996 
9.50034 
9.50072 
9.50110 


9.50148 
9.50185 
9.50223 
9.50261 
9.50298 


9.50336 
9.50374 
9.50411 
9.50449 
9.50486 


9.50523 
9.50561 
9.50598 
9.50635 
9.50673 


9.50710 
9.50747 
9.50784 
9.50821 
9.50858 


9.50896 
9.50933 
9.60970 
9.51007 
9.51043 


9.51080 
9.51117 
9.51154 
9.51191 
9.51227 


9.51264 
XTCos. 


39 
39 
39 
38 
39 

39 
38 
39 
39 
38 

39 
38 
38 
39 
88 

38 
39 
38 
38 
38 

38 
38 
38 
38 
38 

38 
38 
38 
38 
38 

37 
38 
38 
37 
88 

38 
37 
38 
37 
37 

38 
37 
37 
38 
37 

37 
37 
37 
37 
38 

37 
37 
37 
36 
37 

87 
87 
87 
86 
37 


d. 


L.Taiig. 


9.51178 
9.51221 
9.51264 
9.51306 
9.51349 


9.61392 
9.51435 
9.51478 
9.51520 
9.51563 


9.51606 
9.516i8 
9.51691 
9.51734 
9.51776 


9.51819 
9.51861 
9.51903 
9.51946 
9.51988 


9.52031 
9.52073 
9.52115 
9.52157 
9.52200 


9.52242 
9.52284 
9.52326 
9.52368 
9.52410 


9.52452 
9.52494 
9.52536 
9.52578 
9.52620 


9.52661 
9.52703 
9.52745 

9.52787 
9.52829 


9.52870 
9.52912 
9.52953 
9.52995 
9.53037 


9.53078 
9.53120 
9.53161 
9.53202 
9.53244 


9.53285 
9.53327 
9.53368 
9.53409 
9.53450 


9.63492 
9.53533 
9.53574 
9.53615 
9.53656 


9.53697 


L.  Cotg. 


d.  c. 


43 
43 
42 
43 
43 

43 
43 
42 
43 
43 

42 
43 
43 
42 
43 

42 
42 
43 
42 
43 

42 
42 
42 
43 
42 

42 
42 
42 
42 
42 

42 
42 
42 
42 
41 

42 
42 
42 
42 
41 

42 
41 
42 
42 
41 

42 
41 
41 
42 
41 

42 
41 
41 
41 
42 

41 
41 
41 
41 
41 


L.  Ck>tsr. 


0.48822 
0.48779 
0.48736 
0.48694 
0.48651 


0.48608 
0.48565 
0.48522 
0.48480 
0.48437 


0.48394 
0.48352 
0.48309 
0.48266 
0.48224 


0.48181 
0.48139 
0.48097 
0.48054 
0.48012 


0.47969 
0.47927 
0.47885 
0.47843 
0.47800 


0.47758 
0.47716 
0.47674 
0.47632 
0.47590 


0.47548 
0.47506 
0.47464 
0.47422 
0.47380 


0.47339 
0.47297 
0.47255 
0.47213 
0.47171 


0.47130 
0.47088 
0.47047 
0.47005 
0.46963 


0.46922 
0.46880 
0.46839 
0.46798 
0.46756 


0.46715 
0.46673 
0.46632 
0.46591 
0.46550 


0.46508 
0.46467 
0.46426 
0.46385 
0.46344 


0.46303 


L.  008. 


9.97821 
9.97817 
9.97812 
9.97808 
9.97804 


9.97800 
9.97796 
9.97792 
9.97788 
9.97784 


9.97779 
9.97775 
9.97771 
9.97767 
9.97763 


9.97759 
9.97754 
9.97750 
9.97746 
9.97742 


9.97738 
9.97734 
9.97729 
9.97725 
9.97721 


9.97717 
9.97713 
9.97708 
9.97704 
9.97700 


9.97696 
9.97691 
9.97687 
9.97683 
9.97679 


9.97674 
9.97670 
9.97666 
9.97662 
9.97657 


9.97653 
9.97649 
9.97645 
9.97640 
9.97636 


9.97632 
9.97628 
9.97623 
9.97619 
9.97615 


9.97610 
9.97606 
9.97602 
9.97597 
9.97593 


9.97589 
9.97584 
9.97580 
9.97576 
9.97571 


9.97567 


d. 


4 
5 
4 
4 
4 

4 

4 
4 
4 
5 

4 
4 
4 
4 
4 

5 
4 

4 
4 
4 

4 
5 
4 
4 

4 

4 
5 
4 
4 
4 

5 

4 
4 
4 
5 

4 
4 
4 
5 
4 

4 

4 
5 
4 
4 

4 
5 
4 
4 
5 

4 

4 
5 
4 
4 

5 

4 
4 
5 
4 


d.  c.  L.Taiig.  L.  Sin,     d 
7V 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


SO 

49 
48 
47 
46 


45 
44 

43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


X5 
14 
13 
12 
11 


10 

9 
8 
7 
6 


6 
4 
3 
2 
1 


P.P. 


6 
7 

8 
9 
10 
20 
30 
40 
50 


43 

4.8 

5.0 

5.7 

6.5 

7.2 

14.3 

21.5 

28.7 

35.8 


42 

4.2 

4.9 

5.6 

6.3 

7.0 

14.0 

21.0 

28.0 

35.0 


6 

7 

8 

9 

10 

20 

80 

40 

60 


41 
4.1 

4.8 

5.5 

6.2 

6.8 

13.7 

20.5 

27.3 

34.2 


39 

6 

3.9 

7 

4.6 

8 

6.2 

9 

6.9 

10 

6.6 

20 

13.0 

30 

19.5 

40 

26.0 

50 

82.5 

37 

6 

3.7 

7 

4.3 

8 

4.9 

9 

5.6 

10 

6.2 

20 

12.3 

80 

18.5 

40 

24.7 

50 

ao.8 

5 

6 

0.6 

7 

0.6 

8 

0.7 

9 

0.8 

10 

0.8 

20 

1.7 

80 

2.5 

40 

8.8 

60 

4.2 

38 

3.8 

4.4 

5.1 

5.7 

6.3 

12.7 

19.0 

25Ut 

81.7 


30 

3.6 

4.2 

4.8 

6.4 

6.0 

12,0 

18.0 

24.0 

sao 


4 

a4 

0.6 
0.6 
0.6 
0.7 
1.8 
2.0 
2.7 
8.8 


P.P. 


0 

1 

2 
3 

4 

5 
6 

7 
8 
9 

10 

11 
12 
13 
U 

15 
X6 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


LOQAMITSMS  OF  TRIQONOMETItlC  FUNCTIONS, 

19^ 


511 


L.Sin. 


9.51264 
9.51301 
9.51338 
9.51374 
9.514U 


9.51447 
9.51484 
9.51521) 
9.51557 
9.51593 


9.51629 
9.51666 
9.51702 
9.51738 
9.51774 


9.51811 
9.51847 
9.51883 
9.51919 
9.51955 


9.51991 
9.52027 
9.52063 
9.52099 
9.52135 


9.52171 
9.52207 
9.52242 
9.52278 
9.52314 


9.52350 
9.52385 
9.52421 
9.52456 
9.52492 


9.52527 
9.52563 
9.52598 
9.62634 
9.52669 


9.52705 
9.52740 
9.52775 
9.52811 
9.52846 


9.52881 
9.52916 
9.52951 
9.52986 
9.53021 


9.53056 
9.53092 
9.53126 
9.53161 
9.63196 


d. 


9.53231 
9.53266 
9.53301 
9.53336 
9.53370 


9.53405 


L.Ck)s. 


37 
37 
36 
37 
36 

87 
86 
37 
36 
36 

37 
36 
36 
36 
87 

36 
36 
36 
36 
36 

36 
36 
36 
86 
86 

86 
85 
36 
86 
86 

85 
36 
85 
36 
35 

86 
85 
36 
35 
36 

85 
35 
86 
35 
35 

35 
35 
35 
35 
35 

36 
34 
35 
35 
85 

35 
35 
35 
34 
35 


d. 


L.Tang. 


9.53697 
9.58738 
9.53779 
9.63820 
9.53861 


9.53902 
9.53943 
9.63984 
9.54025 
9.64065 


d.c. 


9.54106 
9.54147 
9.54187 
9.54228 
9.54269 


9.54309 
9.54350 
9.54390 
9.64431 
9.64471 


9.54512 
9.64552 
9.54593 
9.54633 
9.54673 


9.64714 
9.54754 
9.54794 
9.54835 
9.54875 


9.64916 
9.54955 
9.54995 
9.55035 
9.55075 


9.56115 
9.55156 
9.55195 
9  56235 
9.56275 


9.56316 
9.66356 
9.55395 
9.55434 
9.65474 


9.55514 
9.65654 
9.55593 
9.56633 
9.55673 


9.55712 
9.56752 
9.55791 
9.65831 
9.66870 


9.65910 
9.55949 
9.65989 
9.56028 
9.66067 


9.66107 


L.  Cotgi 


41 
41 
41 
41 
41 

41 
41 
41 
40 
41 

41 
40 
41 
41 
40 

41 
40 
41 
40 
41 

40 
41 
40 
40 
41 

40 
40 
41 
40 
40 

40 
40 
40 
40 
40 

40 

40 
40 
40 
40 

40 
40 
39 
40 
40 

40 
39 
40 
40 
39 

40 
39 
40 
39 
40 

39 
40 
39 
39 
40 


L.  Cotg. 


0.46303 
0.46262 
0.46221 
0.46180 
0.46139 


0.46098 
0.46057 
0.46016 
0.45975 
0.46935 


0.46894 
0.46863 
0.46813 
0.45772 
0.45731 


0.45691 
0.45650 
0.45610 
0.45569 
0.45529 


0.45488 
0.45448 
0.46407 
0.45367 
0.45327 


0.46286 
0.45246 
0.46206 
0.46165 
0.46125 


0.45085 
0.45045 
0.45005 
0.44965 
0.44925 


0.44885 
0.44845 
0.44805 
0.44765 
0.44726 


0.44685 
0.44645 
0.44606 
0.44566 
0.44526 


0.44486 
0.44446 
0.44407 
0.44367 
0.44327 


0.44288 
0.44248 
0.44209 
0.44169 
0.44130 


0.44090 
0.44051 
0.44011 
0.43972 
0.43933 


0.43893 


d.  c.  I  L.Tang. 
700 


L.  Cos. 


9.97667 
9.97563 
9.97568 
9.97554 
9.97550 


d. 


9.97546 
9.97641 
9.97636 
9.97632 
9.97528 


9.97523 
9.97519 
9.97515 
9  97510 
9.97506 


9.97501 
9.97497 
9.97492 
9.97488 
9.97484 


9.97479 
9.97475 
9.97470 
9.97466 
9.97461 


9.97457 
9.97453 
9.97448 
9.97444 
9.97439 


9.97435 
9.97430 
9.97426 
9.97421 
9.97417 


9.97412 
9.97408 
9.97403 
9.97399 
9.97394 


9.97390 
9.97385 
9.97381 
9.97376 
9.97372 


9.97367 
9.97363 
9.97358 
9.97363 
9.97349 


9.97344 
9.97340 
9.97335 
9.97331 
9.97326 


9.97322 
9.97317 
9.97312 
9.97308 
9.97303 


9.97299 


L.  Sin. 


4 
5 
4 
4 
5 

4 
5 
4 
4 
5 

4 
4 
5 
4 
5 

4 
5 
4 
4 
6 

4 
5 

4 
5 
4 

4 
5 

4 
5 
4 

5 
4 
5 
4 
6 

4 
5 
4 
5 
4 

5 
4 
5 
4 
5 

4 
6 
5 
4 
5 

4 
5 
4 
5 

4 

5 
5 
4 
5 
4 


d. 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


36 
84 
33 
32 
81 


30 

29 
28 
27 
26 


26 
24 
23 
22 
21 


20 

19 
18 
17 

15 
14 
13 
12 
11 


90 

9 

8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


41 

6 

4.1 

7 

4.8 

8 

5.6 

9 

6.2 

10 

6.8 

20 

13.7 

30 

20.5 

40 

27.3 

50 

34.2 

40 

4.0 

4.7 

5.3 

6.0 

6.7 

13.3 

20.0 

26.7 

33.8 


6 

7 
8 
9 
10 
20 
80 
40 
50 


88 

3.9 

4.6 

5.2 

5.9 

6.5 

13.0 

19.5 

26.0 

32.5 


37 

6 

3.7 

7 

4.3 

8 

4.9 

9 

5.6 

10 

6.2 

20 

12.3 

80 

18.5 

40 

24.7 

50 

30.8 

S5 

6 

8.5 

7 

4.1 

8 

4.7 

9 

5.3 

10 

5.8 

20 

11.7 

30 

17.5 

40 

23.3 

50 

29.2 

5 

6 

0.5 

7 

0.6 

8 

0.7 

9 

0.8 

10 

0.8 

20 

1.7 

30 

2.5 

40 

3.3 

50 

4.2 

36 

3.6 

4.2 

4.8 

5.4 

6.0 

12.0 

18.0 

24.0 

80.0 


S4 

3.4 

4.0 

4.5 

5.1 

5.7 

11.3 

17.0 

22.7 

28.3 


4 

0.4 
0.5 
0.6 
0.6 
0.7 
1.3 
2.0 
2.7 
3.3 


P.P. 


r 


512 
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20? 


0 

1 
2 
8 

4 

5 
6 

r 

8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 

25 
26 

27 
28 
29 

30 

31 
82 
33 
d^ 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 


KSin. 


9.53405 
9.53440 
9.53476 
9.58509 
9.53544 


9.53578 
9.53613 
9.53647 
9.53682 
9.53716 


9.53751 
9.53785 
9.53819 
9.53854 
9.53888 


9.53922 
9.53957 
9.53991 
9.54025 
9.54059 


9.54093 
9  54127 
9.64161 
9.64195 
9.64229 


d. 


9.64263 
9.54297 
9.64331 
9.64365 
9.54399 


9.54433 
9.54466 
9.54500 
9.54534 
9.54567 


9.54601 
9.54635 
9.54668 
9.54702 
9.54735 


9.54769 
9.54802 
9.54836 
9.54869 
9.54903 


9.54936 
9.54969 
9.55003 
9.55036 
9.55069 


9.55102 
9.55136 
9.55169 
9.65202 
9.55235 


9.55268 
9.55301 
9.55334 
9.55367 
9.55400 


9.55^ 
L.  Cos. 


85 
36 
84 
36 
34 

35 
34 
36 
34 
36 

34 
84 
36 
84 
34 

36 
34 
84 
34 
34 

84 
84 
84 
34 
34 

84 
84 
84 
84 
84 

88 
84 
84 
83 
34 

84 
83 
34 
33 
84 

88 
84 
83 
84 
83 

83 
84 
83 
83 
83 

34 
33 
33 
83 
33 

83 
83 
33 
83 
33 


d. 


L.Tang. 


9.56107 
9.56146 
9.56185 
9.56224 
9.56264 


9.56303 
9.56342 
9.56381 
9.56420 
9.56459 


9.56498 
9.56537 
9.56576 
9.56615 
9.56654 


9.56693 
9.56732 
9.56771 
9.56810 
9.56849 


9.56887 
9.56926 
9.56965 
9.57004 
9.57042 


9.57081 
9.57120 
9.57158 
9.57197 
9.57235 


9.57274 
9.57312 
9.57351 
9.57389 
9.57428 


9.57466 
9.57604 
9.57543 
9.57581 
9.57619 


9.57658 
9.57696 
9.57734 
9.57772 
9.57810 


9.57849 
9.57887 
9.57925 
9.57963 
9.58001 


9.58039 
9.58077 
9.58115 
9.58153 
9.58191 


9.58229 
9.58267 
9.58304 
9.58342 
9.58380 


9.5S418 
L.  Cotg, 


d.c. 


39 
89 
39 
40 
39 

39 
39 
39 
39 
39 

39 
39 
39 
39 
39 

39 
39 
89 
89 

38 

89 
89 
89 
38 
39 

39 
88 
89 
38 
39 

38 
39 
38 
39 
38 

88 
39 
38 
88 
39 

38 
38 
38 
38 
39 

88 
88 
38 
38 
38 

38 
38 
38 
38 
38 

38 
37 
38 
38 
38 


L.  CJotg. 


0.43893 
0.43854 
0.43815 
0.43776 
0.43736 


0.43697 
0.43658 
0.43619 
0.43580 
0.43541 


0.43502 
0.43463 
0.43424 
0.43385 
0.43346 


0.43307 
0.43268 
0.43229 
0.43190 
0.43161 


0.43113 
0.43074 
0.43036 
0.42996 
0.42958 


0.42919 
0.42880 
0.42842 
0.42803 
0.42765 


0.42726 
0.42688 
0.42649 
0.42611 
0.42572 


0.42534 
0.42496 
0.42467 
0.42419 
0.42381 


0.42342 
0.42304 
0.42266 
0.42228 
0.42190 


0.42151 
0.42113 
0.42075 
0.42037 
0.41999 


0.41961 
0.41923 
0.41885 
0.41847 
0.41809 


0.41771 
0.41733 
0.41696 
0.41658 
0.41620 


0.41582 


d.c.  L.Tang. 
69^ 


L.  Cos. 


9.97299 
9.97294 
9.97289 
9.97286 
9.97280 


9.97276 
9.97271 
9.97266 
9.97262 
9.97257 


9.97252 
9.97248 
9.97243 
9.97238 
9.97234 


9.97229 
9.97224 
9.97220 
9.97ia6 
9.97210 


9.97206 
9.97201 
9.97196 
9.97192 
9.97187 


9.97182 
9.97178 
9.97178 
9.97168 
9.97163 


9.97169 
9.97154 
9.97149 
9.97145 
9.97140 


9.97135 
9.97130 
9.97126 
9.97123 
9.97116 


9.97111 
9.97107 
9.97102 
9.97097 
9.97092 


9.97087 
9.97083 
9.97078 
9.97073 
9.97068 


9.97063 
9.97059 
9.97054 
9.97049 
9.97044 


9.97039 
9.97036 
9.97030 
9.97026 
9.97020 


9.97015 


L.  Sin. 


d. 


6 
6 
4 
6 
4 

6 
6 
4 
6 
6 

4 
6 
6 
4 
6 

6 
4 
5 
6 

4 

5 
6 
4 
6 
6 

4 
6 
6 
6 
4 

6 
6 
4 
6 
6 

6 
4 
6 
5 
5 

4 
6 
5 
6 
5 

4 
6 
5 
6 
6 

4 
5 
5 
6 
6 

4 
6 
6 
6 
6 


d. 


eo 

69 
68 
67 
66 


65 
64 
63 
62 
51 


SO 

49 
48 
47 
46 


45 
44 
43 
42 
41 


SO 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 
19 
18 
17 
16 


15 
14 
18 
12 
11 


10 

9 
8 
7 
6 


6 
4 
3 
2 
1 


P.P. 


6 

40 

4.0 

7 

4.7 

8 

5.3 

9 

6.0 

10 

6.7 

20 

13.3 

30 

20.0 

40 

26.7 

50 

83.8 

38 

6 

8.8 

7 

4.4 

8 

5.1 

9 

5.7 

10 

6.3 

20 

12.7 

30 

19.0 

40 

25.3 

60 

81.7 

39 

3.9 

4.6 

5.2 

5.9 

6.5 

13.0 

19.5 

26.0 

82.5 


37 

3.7 

4.3 

4.9 

5.6 

6.2 

12.3 

18.5 

24.7 

30J) 


6 

7 

8 

9 

10 

20 

80 

40 

60 


35 

3.5 
4.1 

4.7 
5.3 
5.8 
11.7 
17.5 
23.3 
29.2 


34 

6 

3.4 

7 

4.0 

8 

4.5 

9 

5.1 

10 

5.7 

20 

11.8 

80 

17.0 

40 

22.7 

60 

28.8 

5 

6 

0.5 

7 

a6 

8 

0.7 

9 

0.8 

10 

0.8 

20 

1.7 

30 

2.5 

40 

3.3 

50 

4.2 

33 

8.8 

8.9 

4.4 

5.0 

•5.5 

11.0 

16.6 

22.0 

27.5 


4 

0.4 
0.5 
0.5 
0.6 
0.7 
1.8 
2.0 
2.7 
3.8 


P.P. 


0 

1 

2 
3 

5 
6 

7 
8 
9 


10 

U 
12 
13 
14 


15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

SO 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 

47 
48 
49 

SO 
51 
52 
53 
54 

55 
56 
67 
58 
59 

60 


LOQARITHMS  OF  TRIGONOMETRIC  FUNCTIOm, 


513 


L.  Sin. 


9.55433 
9.55466 
9.55499 
9.55532 
9.55564 


9.55697 
9.55630 
9.55663 
9.55695 
9.55728 


9.55761 
9.55793 
9.55826 
9.55858 
9.55891 


9.55923 
9.55956 
9.55988 
9.56021 
9.56053 


9.56085 
9.56118 
9.56150 
9.56182 
9.56215 


9.56247 
9.56279 
9.56311 
9.56343 
9.56375 


9.56408 
9.56440 
9.56472 
9.56504 
9.56536 


9.56568 
9.56599 
9.56631 
9.56663 
9.56695 


9.56727 
9.56759 
9.56790 
9.56822 
9.56854 


9.56886 
9.56917 
9.56949 
9.56980 
9.67012 


9.57044 
9.57075 
9.57107 
9.57138 
9.57169 


9.57201 
9.57232 
9.57264 
9.57295 
9.67326 


9.57358 
L.  Ck)8. 


d. 


L.Tang. 


9.58418 
9.58466 
9.58493 
9.68531 
9.68669 


9.58606 
9.68644 
9.68681 
9.68719 
9.58757 


9.58794 
9.58832 
9.58869 
9.58907 
9.58944 


9.58981 
9.59019 
9.69056 
9.69094 
9.69131 


9.59168 
9.59205 
9.59243 
9.69280 
9.69317 


9.69364 
9.69391 
9.69429 
9.59466 
9.69503 


33 
33 
33 
32 
33 

33 
33 
32 
33 
33 

32 
33 
32 
38 
32 

88 
32 
33 
32 
32 

38 
32 
32 
33 
32 

32 
32 
32 
32 
33 

32 
32 
32 
32 
32 

31 
32 
32 
32 
32 

32 
31 
32 
32 
32 

31 
32 
31 
32 
32 

31 
32 
31 
31 
32 

31 
32 
31 
31 

9.60641 
d.  L.  Ck)tg. 


9.59640 
9.69677 
9.59614 
9.69661 
9.59688 


9.59726 
9.59762 
9.69799 
9.59836 
9.69872 


9.59909 
9.59946 
9.59983 
9.60019 
9.60066 


9.60093 
9.60130 
9.60166 
9.60203 
9.60240 


9.60276 
9.60313 
9.60349 
9.60386 
9.60422 


9.60459 
9.60496 
9.60582 
9.60568 
9.60606 


d.  c. 


37 
38 
38 
38 
37 

38 
37 
38 
38 
37 

38 
37 
38 
37 
37 

38 
37 
38 
37 
37 

37 
38 
37 
37 
37 

37 
38 
37 
37 
37 

37 
37 
37 
37 
37 

37 
37 
36 
37 

37 

37 
37 
36 
37 
37 

37 
36 
37 
37 
36 

37 
36 
37 
36 
37 

36 
37 
36 
37 
36 

d.  c. 


L.  Cotg, 


0.41582 
0.41645 
0.41507 
0.41469 
0.41431 


0.41394 
0.41356 
0:41319 
0.41281 
0.41243 


0.41206 
0.41168 
0.41131 
0.41093 
0.41066 


0.41019 
0.40981 
0.40944 
0.40906 
0.40869 


0.40832 
0.40796 
0.40767 
0.40720 
0.40683 


0.40646 
0.40609 
0.40671 
0.40634 
0.40497 


0.40460 
0.40423 
0.40386 
0.40349 
0.40312 


0.40276 
0.40238 
0.40201 
0.40166 
0.40128 


0.40091 
0.40054 
0.40017 
0.39981 
0.39944 


0.39907 
0.39870 
0.39834 
0.39797 
0.39760 


0.39724 
0.39687 
0.39661 
0.39614 
0.39578 


0.39641 
0.39505 
0.39468 
0.39432 
0.39396 


% 


0.39369 
L.Tang. 


L.  Cos. 


9.97015 
9.97010 
9.97005 
9.97001 
9.96996 


9.96991 
9.96986 
9.96981 
9.96976 
9.96971 


9.96966 
9.96962 
9.96967 
9.96962 
9.96947 


9.96942 
9.96937 
9.96932 
9.96927 
9.96922 

9.96917 
9.96912 
9.96907 
9.96903 
9.96898 


9.96893 
9.96888 
9.96883 
9.96878 
9.96873 


9.96868 
9.96863 
9.96868 
9.96863 
9.96848 


9.96843 
9.96838 
9.96833 
9.96828 
9.96823 


9.96818 
9.96813 
9.96808 
9.96803 
9.96798 


9.96793 
9.96788 
9.96783 
9.%778 
9.96772 


9.96767 
9.96762 
9.96767 
9.96762 
9.96747 


9.96742 
9.96737 
9.96732 
9.96727 
9.96722 


9.96717 
L.  Sin. 


d. 


5 
5 
4 
5 
5 

5 
5 
5 
5 
6 

4 
5 
6 
6 
5 

5 

5 
5 
5 
5 

5 
5 

4 
6 
6 

6 
5 
5 
6 
6 

6 
6 
6 
6 
5 

5 
5 
5 
5 
6 

5 
5 
6 
5 
6 

5 
5 
6 
6 
6 

6 
6 
5 
6 
6 

5 
5 
6 
6 
6 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 

38 
37 

35 
34 
83 
32 
81 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 

8 

7 

_6 

6 
4 
3 
2 
1 


P.P. 


38 

37 

6 

3.8 

3.7 

7 

4.4 

4.3 

8 

6.1 

4.9 

9 

5.7 

5.6 

10 

6.3 

6.2 

20 

12.7 

12.3 

30 

19.0 

18.5 

40 

25.3 

24.7 

50 

31.7 

80.8 

36 

6 

3.6 

7 

4.2 

8 

4.8 

9 

5.4 

10 

6.0 

20 

12.0 

30 

18.0 

40 

24.0 

60 

30.0 

33 

3.3 

3.9 

4.4 

5.0 

5.5 

11.0 

16.5 

22.0 

27.6 


6 

7 

8 

9 

10 

20 

30 

40 

50 


32 

3.2 

3.7 

4.3 

4.8 

5.3 

10.7 

16.0 

21.3 

26.7 


31 

6 

3.1 

7 

3.6 

8 

4.1 

9 

4.7 

10 

5.2 

20 

10.3 

30 

15.6 

40 

20.7 

50 

25.8 

5 

6 

0.5 

7 

0.6 

8 

0.7 

9 

0.8 

10 

0.8 

20 

1.7 

30 

2.6 

40 

3.3 

50 

4.2 

6 

0.6 
0.7 
0.8 
0.9 
1.0 
2.0 
3.0 
4.0 
6.0 


4 

0.4 
0.5 
0.5 
0.6 
0.7 
1.3 
2.0 
2.7 
3.3 


P.P. 


r 


614 


0 

1 

2 
3 

4 

5 

6 
7 
8 
9 

10 

u 

12 
13 
14 

15 
16 
17 
18 
19 


20 

21 
22 
23 
24 


25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 


40 

41 
42 
43 

4A_ 

'45 
46 
47 
48 
49 

SO 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 

22° 


L.  Sin. 


9.57358 
9.57389 
9.57420 
9.57451 
9.57482 


9.57514 
9.57545 
9.57576 
9.57607 
9.67638 


9.57669 
9.57700 
9.57731 
9.57762 
9.57793 


9.57824 
9.57855 
9.57885 
9.57916 
9.57947 


9.57978 
9.58008 
9.58039 
9.58070 
9.58101 


9.58131 
9.58162 
9.58192 
9.58223 
9.58253 


9.58284 
9.58314 
9.58345 
9.58375 
9.58406 


9.58436 
9.58467 
9.58497 
9.58527 
9.58557 


d. 


9.58588 
9.58618 
9.58648 
9.58678 
9.58709 


9.58739 
9.58769 
9.58799 
9.58829 
9.58859 


9.58889 
9.58919 
9.58949 
9.58979 
9.59009 

9.59039' 
9.59069 
9.59098 
9.59128 
9.69158 


9.59188 


L.  C!os.   d. 


31 
31 
31 
31 
32 

31 
31 
31 
31 
31 

31 
31 
31 
31 
31 

31 
80 
31 
81 
31 

30 
31 
31 
31 
30 

31 
30 
31 
30 
81 

30 
31 
30 
31 
30 

31 
30 
30 
30 
31 

30 
30 
80 
31 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
29 
80 
30 
30 


L.Tang. 


9.60641 
9.60677 
9.60714 
9.60750 
9.60786 


9.60823 
9.60859 
9.60895 
9.60931 
9.60967 


9.61004 
9.61040 
9.61076 
9.61112 
9.61148 


9.61184 
9.61220 
9.61256 
9.61292 
9.61328 


9.61361 
9.61400 
9.61436 
9.61472 
9.61508 


9.61544 
9.61579 
9.61615 
9.61651 
9.61687 


9.61722 
9.61758 
9.61794 
9.61830 
9.61865 


9.61901 
9.61936 
9.61972 
9.62008 
9.62043 


9.62079 
9.62114 
9.62150 
9.62185 
9.62221 


9.62256 
9.62292 
9.62327 
9.62362 
9.62398 


9.62433 
9.62468 
9.62504 
9.62539 
9.62574 


9.62609 
9.62645 
9.62680 
9.62715 
9.62750 


9.62785 
L.  Cotg. 


d.  c. 


36 
37 
36 
86 
37 

36 
36 
36 
36 
37 

36 
36 
86 
36 
86 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

35 
36 
36 
36 
35 

36 
36 
36 
35 
36 

35 
36 
36 
35 
36 

35 
36 
35 
36 
35 

36 
35 
35 
36 
35 

35 
36 
36 
35 
35 

36 

a5 

35 
35 
35 


L.Cotg. 


0.39359 
0.39323 
0.39286 
0.39250 
0.39214 


0.39177 
0.39141 
0.39106 
0.39069 
0.39033 


0.38996 
0.38960 
0.38924 
0.38888 
0.38862 


0.38816 
0.38780 
0.38744 
0.38708 
0.38672 


0.386S6 
0.38600 
0.38564 
0.38528 
0.38492 


0.38466 
0.38421 
0.38385 
0.38349 
0.38313 


0.38278 
0.38242 
0.38206 
0.38170 
0.38136 


0.38099 
0.38064 
0.38028 
0.37992 
0.37957 


0.37921 
0.37886 
0.37850 
0.37815 
0.37779 


0.37744 
0.37708 
0.37673 
0.37638 
0.37602 


0.37667 
0.37532 
0.37496 
0.37461 
0.37426 


0.37391 
0.37355 
0.37320 
0.37286 
0.37250 


__  0.37215 
d.  c.  L.Tang. 

67* 


L.  Ck)s. 


9.96717 
9.96711 
9.96706 
9.96701 
9.96696 


9.96691 
9.96686 
9.96681 
9.96676 
9.96670 


9.96665 
9.96660 
9.96665 
9.96660 
9.96645 


9.96640 
9.96634 
9.96629 
9.96624 
9.96619 


9.96614 
9.96608 
9.96608 
9.96698 
9.96693 


9.96688 
9.96682 
9.96577 
9.96672 
9.96667 


9.96562 
9.96566 
9.96551 
9.96546 
9.96641 


9.96636 
9.96630 
9.96525 
9.96620 
9.96614 


9.96509 
9.96504 
9.96498 
9.96493 
9.96488 


9.96483 
9.96477 
9.96472 
9.96467 
9.96461 


9.96456 
9.96451 
9.96446 
9.96440 
9.96435 


9.96429 
9.96424 
9.96419 
9.96413 
9.96408 


9.96403 
L.  Sin. 


d. 


6 
5 
6 
6 
5 

5 
5 
5 
6 
5 

6 
5 
5 
5 
5 

6 
5 
6 
5 
6 

6 
6 
5 
6 
5 

6 
5 
5 
5 
6 

6 
6 
5 
5 
6 

5 
5 
5 
6 
5 

5 
6 
5 
5 
6 

6 
6 
5 
6 
5 

5 
6 
5 
5 
6 

5 
5 
6 
5 
5 

dT 


eo 

59 
68 
67 
66 


56 
54 
53 
52 
61 


50 

49 

48 

47 

_46 

46 
44 
43 
42 
41 


40 

89 
88 
87 
86 


85 
34 
83 
82 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


10 
9 

8 
7 
6 


6 
4 
8 
2 
1 


P.P. 


37 

6 

3.7 

7 

4.3 

8 

4.9 

9 

5.6 

10 

6.2 

20 

12.3 

30 

18.6 

40 

24.7 

50 

30.8 

36 

8.6 

4.2 

4.8 

5.4 

6.0 

12.0 

18.0 

24.0 

30.0 


6 

7 

8 

9 

10 

20 

80 

40 

50 


35 

8.5 

4.1 

4.7 

5.3 

5.8 

11.7 

17.5 

23.3 

29.2 


32 

6 

8.2 

7 

3.7 

8 

4.3 

9 

4.8 

10 

5.3 

20 

10.7 

80 

16.0 

40 

21.3 

50 

26.7 

30 

6 

8.0 

7 

8.5 

8 

4.0 

9 

4.5 

10 

6.0 

20 

10.0 

30 

15.0 

40 

20.0 

60 

25.0 

e 

6 

0.6 

7 

0.7 

8 

0.8 

9 

0.9 

10 

1.0 

20 

2.0 

80 

8.0 

40 

4.0 

60 

5.0 

31 

3.1 

3.6 

4.1 

4.7 

5.2 

10.3 

15.5 

20.7 

25.8 


t9 

2.9 

8.4 

3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


5 

0.5 
0.6 
0.7 
0.8 
0.8 
1.7 
2.6 
3.3 
4.2 


P.P. 


d 


i  = 

7    C 
9 

\^  ;. 


J2 


1 


A  % 
ic 

2t 


If 


I 

H: 

if 
■r- 


% 


0 

1 

2 
3 
4^ 

5 
6 
7 
8 
9 


10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 

it 
35 
36 
37 
38 
39 

40 

41 
42 
43 
44 


45 
46 
47 
48 
49 


50 

51 
52 
53 
54 


55 
56 
57 
58 
_59 

60 


L0QAMITHM8  OF  TMIQONOMETBIC  FVNCTtom. 

230 


615 


L.  Sin.: 


9.59188 
9.59218 
9.59247 
9.59277 
9.59307 


9.59336 
9.59366 
9.59896 
9.59425 
9.59455 


9.59484 
9.59514 
9.59543 
9.59573 
9.59602 


9.59632 
9.59661 
9.59690 
9.59720 
9.59749 

9.59778 
9.59808 
9.59837 
9.59866 
9.59895 


9.59924 
9.59954 
9.59983 
9.60012 
9.60041 


9.60070 
9.60099 
9.60128 
9.60157 
9.60186 


9.60215 
9.60244 
9.60273 
9.60302 
9.60331 


9.60859 
9.60388 
9.60417 
9.60446 
9.60474 


9.60503 
9.60532 
9.60561 
9.60589 
9.60618 


9.60646 
9.60675 
9.60704 
9.60732 
9.60761 


9.60789 
9.60818 
9.60846 
9.60875 
9.60903 


9.60931 


L.C08. 


d. 


80 
2> 
30 
30 
29 

30 
30 
29 
30 
29 

30 
29 
30 
29 
30 

29 
29 
80 
29 
29 

80 
29 
29 
29 
29 

80 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
28 

29 
29 
29 
28 
29 

29 
29 
28 
29 

28 

29 
29 
28 
29 
28 

29 
28 
29 
28 
28 


d. 


L.Tang. 


9.62785 
9.62820 
9.62855 
9.62890 
9.62926 


9.62961 
9.62996 
9.63031 
9.63066 
9.63101 


9.63185 
9.63170 
9.63205 
9.68240 
9.63275 


9.63310 
9.63345 
9.63379 
9.63414 
9.63449 


9.63484 
9.63519 
9.63553 
9.63588 
9.68623 


9.63657 
9.63692 
9.63726 
9.63761 
9.68796 


9.63830 
9.68865 
9.63899 
9.68934 
9.63968 


9.64003 
9.64037 
9.64072 
9.64106 
9^140 

9.64175 
9.64209 
9.64243 
9.64278 
9.64312 


9.64346 
9.64381 
9.64415 
9.64449 
9.64483 


9.64517 
9.64552 
9.64586 
9.64620 
9.64654 

9.64688 
9.64722 
9.64756 
9.64790 
9.64824 


9.64858 


L.  Ciotg. 


d.  c. 


85 
85 
85 
86 
85 

85 
85 
85 
85 
84 

86 
85 
85 
85 
85 

35 
34 
85 
35 
85 

85 
84 
85 
35 
84 

85 
84 
85 
85 
34 

85 
84 
85 
84 
85 

84 
85 
84 
84 
85 

84 
84 
35 
84 
84 

85 
34 
34 
84 
84 

35 
34 
34 
34 
34 

34 
84 
84 
84 
84 


d.  c. 


L.  Ctotg. 


0.87215 
0.37180 
0.37145 
0.87110 
0.37074 


0.37039 
0.37004 
0.36969 
0.36934 
0.36899 


0.36865 
0.36830 
0.36795 
0.36760 
0.36725 


0.36690 
0.36655 
0.36621 
0.36586 
0.36551 


0.36516 
0.36481 
0.36447 
0.36412 
0.36377 


0.36343 
0.36308 
0.36274 
0.36239 
0.36204 

0.36170 
0.36135 
0.36101 
0.36066 
0.36032 


0.35997 
0.35963 
0.35928 
0.35894 
0.35860 


0.35825 
0.35791 
0.35757 
0.35722 
0.35688 


0.35654 
0.35619 
0.35585 
0.35551 
0.35517 


0.35483 
0.35448 
0.35414 
0.35380 
0.35346 


0.35312 
0.35278 
0.35244 
0.35210 
0.35176 


0.35142 


L.Tang. 


L.  C!o8. 


9.96403 
9.96397 
9.96392 
9.96387 
9.96381 


9.96376 
9.96370 
9.96365 
9.96360 
9.96354 


9.96349 
9.96343 
9.96338 
9.96383 
9.96327 


9.96322 
9.96316 
9.96311 
9.96305 
9.96300 


9.96294 
9.96289 
9.96284 
9.96278 
9.96273 


9.96267 
9.96262 
9.96256 
9.96251 
9.96245 


9.96240 
9.96234 
9.96229 
9.96228 
9.96218 


9.96212 
9.96207 
9.96201 
9.96196 
9^190 

9.%185 
9.96179 
9.96174 
9.96168 
9.96162 


9.96157 
9.96151 
9.96146 
9.96140 
9.96135 


9.96129 
9.96123 
9.96118 
9.96112 
9.96107 


9.96101 
9.96095 
9.96090 
9.96084 
9.96079 


9.96078 


L.  Sin. 


d. 


6 
6 
5 
6 
5 

6 
5 
5 
6 
5 

6 
5 
5 
6 
5 

6 
5 
6 
5 
6 

5 
5 
6 
5 
6 

5 
6 
5 
6 
5 

6 
5 
6 
5 
6 

5 
6 
5 
6 
5 

6 
5 
6 
6 
5 

6 
5 
6 
5 
6 

6 
5 
6 
5 
6 

6 
5 
6 
5 
6 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


SO 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 

7 
6 


5 
4 
8 
2 
1 


P.P. 


36 

6 

3.6 

7 

4.2 

8 

4.8 

9 

5.4 

10 

6.0 

20 

12.0 

80 

18.0 

40 

24.0 

50 

80.0 

35 

3.5 
4.1 

4.7 
5.3 
5.8 
11.7 
17.5 
•23.3 
29.2 


6 

7 

8 

9 

10 

20 

30 

40 

50 


34 

8.4 

4.0 

4.5 

5.1 

5.7 

11.8 

17.0 

22.7 

28.8 


80 

6 

3.0 

7 

8.5 

8 

4.0 

9 

4.5 

10 

5.0 

20 

10.0 

30 

15.0 

40 

20.0 

50 

25.0 

29 

2.9 

3.4 

3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


6 

7 
8 
9 
10 
20 
30 
40 
50 


28 

2.8 

3.8 

3.7 

4.2 

4.7 

9.3 

14.0 

18.7 

23.3 


6 

7 
8 
9 
10 
20 
30 
40 
60 


6 

0.6 
0.7 
0.8 
0.9 
1.0 
2.0 
3.0 
4.0 
5.0 


5 

0.5 
0.6 
0.7 
0.8 
0.8 
1.7 
2.5 
3.3 
4.2 


P.P. 


18 
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24° 


0 
1 
2 
3 
4 


5 
6 
7 
8 
_9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 


20 

21 
22 
23 
24 

25 
26 

27 
28 
29 

80 

31 
32 
33 
U_ 

35 
36 

37 
38 

40 
41 
42 
43 

Ji 
45 
46 
47 

48 
49 


50 

51 
52 
53 
54 

55 
56 
57 
58 
J9 

60 


L.  Sin. 


9.60931 
9.60960 
9.60988 
9.61016 
9.61045 


9.61073 
9.61101 
9.61129 
9.61158 
9.61186 


9.61214 
9.61242 
9.61270 
9.61298 
9.61326 


9.61354 
9.61382 
9.61411 
9.61438 
9.61466 


9.61494 
9.61522 
9.61550 
9.61578 
9.61606 


9.61634 
9.61662 
9.61689 
9.61717 
9.61745 


9.61773 
9.61800 
9.61828 
9.61856 
9.61883 


9.61911 
9.61939 
9.61966 
9.61994 
9.62021 


9.62049 
9.62076 
9.62104 
9.62131 
9.62159 


9.62186 
9.62214 
9.62241 
9.62268 
9.62296 


9.62323 
9.62350 
9.62377 
9.62405 
9.624^ 

9.62459 
9.62486 
9.62513 
9.62541 
9.62568 


9.62595 
L.C08. 


d. 


29 
28 
28 
29 
28 

28 
28 
29 
28 
28 

28 
28 
28 
28 
28 

28 
29 
27 
28 
28 

28 
28 
28 
28 
28 

28 
27 
28 
28 
28 

27 
28 
28 
27 
28 

28 
27 
28 
27 
28 

27 
28 
27 
28 
27 

28 
27 
27 
28 
27 

27 
27 
28 
27 
27 

27 
27 
28 
27 
27 

T 


L.Tang. 


9.64858 
9.64892 
9.64926 
9.64960 
9.64994 


9.65028 
9.65062 
9.65096 
9.65130 
9.65164 


9.65197 
9.65231 
9.65265 
9.65299 
9.65333 


9.65366 
9.65400 
9.65434 
9.65467 
9.65501 


9.65535 
9.65568 
9.65602 
9.65636 
9.65669 


9.65703 
9.65736 
9.65770 
9.65803 
9.65837 


9.65870 
9.65904 
9.65937 
9.65971 
9.66004 


9.66038 
9.66071 
9.66104 
9.66138 
9.66171 


9.66204 
9.66238 
9.66271 
9.66304 
9.66337 


9.66371 
9.66404 
9.66437 
9.66470 
9.66503 


9.66537 
9.66570 
9.66603 
9.66636 
9.66669 


9.66702 
9.66735 
9.66768 
9.66801 
9.66834 


9.66867 
L.Cotg. 


d.  c. 


34 
34 
34 
34 
34 

34 
34 
34 
34 
83 

34 
34 
34 
34 
33 

34 
34 
33 
34 
34 

33 
34 
34 
33 
34 

33 
34 
33 
34 
33 

34 
33 
34 
33 
34 

33 
33 
34 
33 
33 

34 
33 
33 
33 
34 

33 
33 
33 
33 
34 

33 
33 
33 
33 
33 

33 
33 
83 
33 
33 

d.  c. 


L.  Cotg. 


0.35142 
0.35108 
0.35074 
0.35040 
0.35006 


0.34972 
0.34938 
0.34904 
0.34870 
0.34836 


0.34803 
0.34769 
0.34735 
0.34701 
0.34667 


0.34634 
0.34600 
0.34566 
0.34533 
0.34499 


0.34465 
0.34432 
0.34398 
0.34364 
0.34331 


0.34297 
0.34264 
0.34230 
0.34197 
0.34163 


0.34130 
0.34096 
0.34063 
0.34029 
0.33996 


0.33962 
0.33929 
0.33896 
0.33862 
0.33829 


0.33796 
0.33762 
0.33729 
0.33696 
0.33663 


0.33629 
0.33596 
0.33563 
0.33530 
0.33497 


0.33463 
0.33430 
0.33397 
0.33364 
0.33331 


0.33298 
0.33265 
0.33232 
0.33199 
0.33166 


0.33133 
L.Tang. 


L.  Cos. 


9.96073 
9.96067 
9.96062 
9.96056 
9.96050 


9.96045 
9.96039 
9.96034 
9.96028 
9.96022 


9.96017 
9.96011 
9.96005 
9.96000 
9.95994 


9.95988 
9.95982 
9.95977 
9.95971 
9.95965 


9.95960 
9.95954 
9.95948 
9.95942 
9.95937 


9.95981 
9.95925 
9.95920 
9.95914 
9.95908 


9.95902 
9.95897 
9.95891 
9.95885 
9.95879 


9.95873 
9.95868 
9.95862 
9.95856 
9.95860 


9.95844 
9.95839 
9.95833 
9.95827 
9.95821 


9.95815 
9.95810 
9.95804 
9.95798 
9.95792 


9.95786 
9.95780 
9.95775 
9.95769 
9.95768 


9.95757 
9.95751 
9.95745 
9.95739 
9.95733 


9.95728 
L.  Sin. 


d. 


6 
5 
6 
6 
6 

6 
6 
6 
6 
5 

6 
6 
6 
6 
6 

6 
5 
6 
6 
5 

6 
6 
6 
5 
6 

6 
5 
6 
6 
6 

5 
6 
6 
6 
6 

5 
6 
6 
6 
6 

5 

6 
6 
6 
6 

5 
6 
6 
6 
6 

6 
5 

6 
6 
6 

6 
6 
6 
6 
5 

dT 


60 
59 

58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


SO 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
U^ 

10 

9 

8 

7 

_6 

5 
4 
8 
2 
1 


P.P. 


S4 

6 

3.4 

7 

4.0 

8 

4.6 

9 

6.1 

10 

5.7 

20 

11.3 

30 

17.0 

40 

22.7 

50 

28.3 

S3 

3.3 

3.9 

4.4 

5.0 

5.5 

11.0 

16.6 

22.0 

27.5 


6 

7 

8 

9 

10 

20 

30 

40 

60 


6 

7 

8 

9 

10 

20 

90 

40 

60 


6 

7 

8 

9 

10 

20 

SO 

40 

60 


29 

2.9 

8.4 

8.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


28 

2.8 

3.3 

3.7 

4.2 

4.7 

9.3 

14.0 

18.7 

23.3 


27 

2.7 

8.2 

3.6 

4.1 

4.5 

9.0 

13.5 

18.0 

22.5 


P.P. 


a 

9 

6 

0.6 

0.6 

7 

0.7 

0.6 

8 

0.8 

0.7 

9 

ao 

0.8 

10 

1.0 

0.8 

20 

2.0 

1.7 

80 

8.0 

2.5 

40 

4.0 

8.8 

60 

5.0 

" 

»    1 

5.' 


aJ? 


•I 

10 


'J 

I? 


30  »i 


21 


30,H. 


i: 

c 
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as** 


617 


0 

1 

2 
3 

4 

6 
6 
7 
8 
9 

10 
U 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24^ 

25 
26 
27 
28 
29 

30 

31 
32 
33 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 


50 
51 
52 
53 
54 


55 

56 
57 
58 
59 

feo" 


-Q. 


L.Sin. 


9.62695 
9.62622 
9.62649 
9.62676 
9.62703 


9.62730 
9.62757 
9.62784 
9.62811 
9.62838 


9.62865 
9.62892 
9.62918 
9.62945 
9.62972 


9.62999 
9.63026 
9.63052 
9.63079 
9.63106 


9.63133 
9.63159 
9.63186 
9.63213 
9.63239 


9.63266 
9.63292 
9.63319 
9.63345 
9.63372 


9.63398 
9.63425 
9.63451 
9.63478 
9.63504 


9.63531 
9.63557 
9.63583 
9.63610 
9.63636 


9.63662 
9.63689 
9.63715 
9.63741 
9.63767 


9.63794 
9.63820 
9.63846 
9.63872 
9.63898 


9.63924 
9.63950 
9.63976 
9.64002 
9.64028 


9.64054 
9.64080 
9.64106 
9.64132 
9.64158 


9.64184 
L.COB. 


27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
26 
27 
27 
27 

27 
26 
27 
27 
27 

26 
27 
27 
26 
27 

26 

27 
26 
27 
26 

27 
26 
27 
26 

27 

26 
26 
27 
26 
26 

27 
26 
26 
26 
27 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 


L.Taiuc 


9.66867 
9.66900 
9.66933 
9.66966 
9.66999 


9.67032 
9.67065 
9.67098 
9.67131 
9.67163 


9.67196 
9.67229 
9.67262 
9.67295 
9.67327 


9.67360 
9.67393 
9.67426 
9.67458 
9.67491 


9.67524 
9.67556 
9.67589 
9.67622 
9.67654 


9.67687 
9.67719 
9.67752 
9.67785 
9.67817 


9.67850 
9.67882 
9.67915 
9.67947 
9.67980 


9.68012 
9.68044 
9.68077 
9.68109 
9.68142 


9.68174 
9.68206 
9.68239 
9.68271 
9.68303 


9.68336 
9.68368 
9.68400 
9.68432 
9.68465 


9.68497 
9.68529 
9.68561 
9.68598 
9.68626 


9.68658 
9.68690 
9.68722 
9.68754 

9.68786 


9.68818 


d.  L.  Ootg. 


d.  c.  L.  Ck)tg, 


33 
33 
33 
33 
33 

33 
33 
33 
82 
33 

33 
83 
33 
32 
33 

33 
33 
32 
83 
83 

82 
83 
83 
32 
83 

82 
83 
33 
32 
33 

82 
83 
82 
83 
32 

32 
33 
32 
33 
32 

32 
33 
32 
82 
33 

32 
32 
32 
83 
32 

32 
32 
32 
83 
32 

82 
82 
32 
32 
32 


0.33133 
0.33100 
0.33067 
0.33034 
0.33001 

0.32968 
0.32936 
0.32902 
0.32869 
0.32837 


0.32804 
0.32771 
0.32738 
0.32705 
0.32673 


0.32640 
0.32607 
0.32574 
0.32542 
0.32509 


0.32476 
0.32444 
0.32411 
0.32378 
0.32346 


0.32313 
0.32281 
0.82248 
0.32215 
0.32183 


0.32150 
0.32118 
0.32085 
0.32053 
0.32020 


0.31988 
0.31956 
0.31923 
0.31891 
0.31858 


0.31826 
0.31794 
0.31761 
0.31729 
0.31697 


0.31664 
0.31632 
0.31600 
0.31568 
0.31535 


0.31503 
0.31471 
0.31439 
0.31407 
0.31374 

0.31342 
0.31310 
0.31278 
0.31246 
0.31214 


0.31182 


d.  c.  [L.Tang. 
649 


L.  Ck)8. 

9.95728 
9.95722 
9.95716 
9.95710 
9.95704 

9.95698 
9.95692 
9.95686 
9.96680 
9.95674 


9.95668 
9.95663 
9.95667 
9.95651 
9.96645 


9.95t)39 
9.95633 
9.95627 
9.95C21 
9.95615 


9.95609 
9.95603 
9.95697 
9.95591 
9.95585 


9.95579 
9.95673 
9.95567 
9.95561 
9.95555 


9.95549 
9.95543 
9.95537 
9.95531 
9.95525 


9.95519 
9.95513 
9.95507 
9.95500 
9.95494 


9.95488 
9.95482 
9.95476 
9.95470 
9.95464 


9.95458 
9.95452 
9.95446 
9.95440 
9.95434 


9.95427 
9.95421 
9.95415 
9.95409 
9.95403 


9.95397 
9.95391 
9.95384 
9.95378 
9.95372 


9.95366 


L.Sill. 


d. 


6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

5 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
7 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 

7 

6 
6 
6 
6 
6 

6 
7 
6 
6 
6 


d. 


60 
59 
58 
57 

56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

89 
38 
37 
86 


85 

84 
83 
32 
81 


30 

29 
28 
27 
26 

25 
24 
23 
22 
23_ 

20 
19 

18 
17 
16 


15 
14 
13 
12 
11 


10 

9 

8 

7 

_6 

5 
4 
3 
2 

0 


P.P. 


33 

6 

3.3 

7 

3.9 

8 

4.4 

9 

5.0 

10 

5.5 

20 

11.0 

30 

16.5 

40 

22.0 

50 

27.5 

S2 

3.2 

3.7 

4.3 

4.8 

5.3 

10.7 

16.0 

21.3 

26.7 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 
7 
8 
9 
10 
20 

ao 

40 
60 


27 

2.7 

3.2 

3.6 

4.1 

4.5 

9.0 

13.5 

18.0 

22.5 


26 

2.6 

8.0 

3.5 

8.9 

4.3 

8.7 

13.0 

17.3 

21.7 


I 

0.7 
0.8 
0.9 
1.1 
1.2 
'2.8 
3.5 
4.7 
6.8 


a 

6 

0.6 

7 

0.7 

8 

0.8 

9 

0.9 

10 

1.0 

20 

2.0 

30 

3.0 

40 

4.0 

50 

5.0 

5 

0.5 
0.6 
0.7 
0.8 
0.8 
1.7 
2.5 
3.3 
4.2 


P.P. 


518 


LOQARTTBMS  OF  TtttQONOMETRIC  FtJNCTlONSL 

26° 


0 

1 

2 

3 

J[ 

5 
6 
7 
8 
9 


10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 


25 
26 
27 
28 
29 

30 

31 
32 
33 
34 


35 
36 
37 
38 
39 


40 

41 
42 
43 

44 

45 
46 
47 
48 
49 


60 


L.  Sin. 


9.64  L84 
9.64210 
9.64236 
9.64262 
9.64288 


9.64313 
9.64339 
9.64365 
9.64391 
9.64417 


9.64442 
9.64468 
9.64494 
9.64519 
9.64545 


9.64571 
9.64596 
9.64622 
9.64647 
9.64673 


9  64698 
9.34724 
9.64749 
9.64775 
9.64800 


9.64826 
9.64851 
9.64877 
9.64902 
9.64927 


9.64953 
9.64978 
9,65003 
9.65029 
9.65054 


9.65079 
9.65104 
9.65130 
9.65155 
9.65180 


9.65205 
9.65230 
9.65255 
9.65281 
9.65306 


9.65331 
9.65356 
9.65381 
9.65406 
9.65431 


9.65456 
9.65481 
9.65506 
9.65531 
9.65556 


9.65580 
9.65605 
9.65630 
9.65655 
9.65680 


9.65705 
L.  Cos. 


d. 


26 
26 
26 
26 
25 

26 
26 
26 
26 
25 

26 
26 
25 
26 
26 

25 
26 
25 
26 
25 

26 
25 
26 
25 
26 

25 
26 
25 
25 
26 

25 
25 
26 
25 
25 

25 
26 
25 
25 
25 

25 
25 
26 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
24 

25 
25 
25 
25 
25 

"dT 


L.Tang. 


9.68818 
9.68850 
9.68882 
9.68914 
9.68946 


9.68978 
9.69010 
9.69042 
9.69074 
9.69106 


d.c. 


9.69138 
9.69170 
9.69202 
9.69284 
9.69266 


9.69298 
9.69329 
9.69361 
9.69393 
9.69425 


9.69457 
9.69488 
9.69520 
9.69552 
9.69584 


9.6%15 
9.69647 
9.69679 
9.69710 
9.69742 


9.69774 
9.69805 
9.69837 
9.69868 
9.69900 


9.69932 
9.69963 
9.69995 
9.70026 
9.70058 


9.70089 
9.70121 
9.70152 
9.70184 
9.70215 


9.70247 
9.70278 
9.70309 
9.70341 
9.70372 


9.70404 
9.70435 
9.70466 
9.70498 
9.70529 


9.70560 
9.70592 
9.70623 
9.70654 
9.70685 


9.70717 
L.Ck)tg. 


82 
32 
32 
3w 
82 

82 
32 
82 
32 
82 

82 
32 
82 
82 
82 

81 
82 
82 
82 
82 

81 
32 
82 
82 
81 

82 
82 
81 
82 
82 

81 
82 
81 
82 
82 

81 
82 
31 
82 
31 

82 
81 
32 
31 
32 

81 
81 
82 
81 
32 

81 
81 
32 
31 
31 

32 
81 
81 
31 
32 

d.  c. 


L.  Cotg. 


0.31182 
0.31150 
0.31118 
0.31086 
0.31054 


0.31022 
0.30990 
0.30958 
0.30926 
0.30894 


0.30862 
0.30830 
0.30798 
0.30766 
0.30734 


0.30702 
0.30671 
0.30639 
0.30607 
0.30575 


0.30543 
0.30512 
0.30480 
0.30448 
0.30416 

0.30385 
0.30353 
0.30321 
0.30290 
0.30258 


0.30226 
0.30195 
0.30163 
0.30132 
0.30100 


0.30068 
0.30037 
0.30005 
0.29974 
0.29942 


0.29911 
0.29879 
0.29848 
0.29816 
0.29785 


0.29753 
0.29722 
0.29691 
0.29659 
0.29628 


0.29596 
0.29565 
0.29534 
0.29502 
0.29471 


0.29440 
0.29408 
0.29377 
0.29346 
0.29315 


0.29283 
L.Tang. 

630 


L.  Cos. 


9.95366 
9.95360 
9.95354 
9.95348 
9.95341 


9.95335 
9.95329 
9.95323 
9.95317 
9.95310 


9.95304 
9.95298 
9.95292 
9.95286 
9.95279 


9.95273 
9.95267 
9.95261 
9.95254 
9.95248 


9.95242 
9.95236 
9.95229 
9.95223 
9.95217 


9.95211 
9.95204 
9.95198 
9.95192 
9.95185 


6 
6 
6 
7 
6 

6 
6 
6 
7 
6 

6 
6 
6 
7 
6 

6 
6 
7 
6 
6 

6 
7 
6 
6 
6 

7 
6 
6 
7 
6 

6 
6 
7 
6 
6 

7 
6 
6 
7 
6 

6 
7 
6 
7 
6 

6 
7 
6 
6 

7 

6 

7 
6 
6 

7 

6 
7 

6 
6 

9.94988      ^ 
L.  Sin.     d. 


9.95179 
9.95173 
9.95167 
9.95160 
9.95154 


9.95148 
9.95141 
9.95135 
9.95129 
9.95122 


9.95116 
9.95110 
9.95108 
9.95097 
9.95090 


9.95084 
9.95078 
9.95071 
9.95065 
9.95059 


9.95052 
9.95046 
9.95039 
9.95033 
9.95027 


9.95020 
9.95014 
9.95007 
9.95001 
9.94995 


d. 


60 

59 
58 
67 

55 
54 
53 
52 
51 


SO 

49 

48 

47 

J6 

45 
44 
43 
42 
41 


40 

89 
38 
87 
86 


35 
84 
33 
82 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


S2 

6 

3.2 

7 

3.7 

8 

4.3 

9 

4.8 

10 

5.3 

20 

10.7 

30 

16.0 

40 

21.3 

50 

26.7 

SI 

S.1 

S.6 

4.1 

4.7 

.5.2 

10.3 

15.5 

20.7 

25.8 


6 

T 
t 
o 
O 

9 
10 


40 
50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


2S 

2.6 

3.0 

3.5 

3.9 

4.3 

8.7 

13.0 

17.3 

21.7 


29 

2.5 

2.9 

3.3 

3.8 

AJ2 

8.3 

12.5 

16.7 

20.8 


24 

2.4 

2.8 

3.2 

3-G 

4.0 

8.0 

12.0 

16.0 

20.0 


7 

• 

6 

0.7 

0.6 

7 

0.8 

0.7 

8 

0.9 

0.8 

9 

1.1 

0.9 

10 

1.2 

1.0 

20 

2.3 

2.0 

SO 

8.5 

3.0 

40 

4.7 

4.0 

60 

5.8 

5.0 

P.P. 

LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


519 


27^ 


0 
1 
2 
3 
4 

5 
6 

7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 

27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 

47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


L.  Sin. 


9.65705 
9.65729 
9.65754 
9.65779 
9.65804 


9.65828 
9.65853 
9.65878 
9.65902 
9.65927 


9.65952 
9.65976 
9.66001 
9.66025 
9.66050 


9.66075 
9.66099 
9.66124 
9.66148 
9.66173 


9.66197 
9.66221 
9.66246 
9.66270 
9.66295 


9.66319 
9.66343 
9.66368 
9.66392 
9.66416 


9.66441 
9.66465 
9.66489 
9.66513 
9.66537 


9.66562 
9.66586 
9.66610 
9.66631 
9.66658 


9.66682 
9.66706 
9.66731 
9.66756 
9.66779 


9.66803 
9.66827 
9.66851 
9.66875 
9.66899 


9.66922 
9.66943 
9.66970 
9.66994 
9.67018 


9.67042 
9.67066 
9.67090 
9.67113 
9.67137 


9.67161 


L.Cos. 


d. 


24 
25 
25 
25 
24 

25 
25 
24 
25 
25 

24 
25 
24 
25 
25 

24 
25 
24 
25 
24 

24 
25 
24 
25 
24 

24 
25 
24 
24 
25 

24 
24 
24 
24 
25 

24 
24 
24 
24 
24 

24 
25 
24 
24 

24 

24 
24 
24 
24 
23 

24 
24 
24 
24 
'24 

24 
24 
23 
24 
24 


d. 


L.Tang. 


9.70717 
9.70748 
9.70779 
9.70810 
9.70841 


9.70873 
9.70904 
9.70935 
9.70966 
9.70997 


9.71028 
9.71059 
9.71090 
9.71121 
9.71153 


9.71184 
9.71215 
9.71246 
9.71277 
9.71308 


9.71339 
9.71370 
9.71401 
9.71431 
9.71462 


9.71493 
9.71524 
9.71555 
9.71586 
9.71617 


9.71648 
9.71679 
9.71709 
9.71740 
9.71771 


9.71802 
9.71833 
9.71863 
9.71894 
9.71925 


9.71955 
9.71986 
9.72017 
9.72048 
9.72078 


9.72109 
9.72140 
9.72170 
9.72201 
9.72231 


9.72262 
9.72293 
9.72323 
9.72354 
9.72384 


9.72415 
9.72445 
9.72476 
9.72506 
9.72537 


9.72567 


L.  Cotg. 


d.  o. 


31 
31 
31 
31 
32 

31 
31 
31 
31 
31 

31 
31 
31 
32 
31 

31 
31 
31 
31 
31 

31 
31 
30 
31 
31 

31 
31 
31 
31 
31 

31 
30 
31 
31 
31 

31 
30 
31 
31 
30 

31 
31 
31 
30 
31 

31 
30 
31 
30 
31 

31 
30 
31 
30 
31 

30 
31 
30 
31 
30 


d.c. 


L.  Cotg. 


0.29283 
0.29252 
0.29221 
0.29190 
0.29159 


0.29127 
0.29096 
0.29065 
0.29034 
0.29003 


0.28972 
0.28941 
0.28910 
0.28879 
0.28847 


0.28816 
0.28785 
0.28754 
0.28723 
0.28692 


0.28661 
0.28630 
0.28599 
0.28569 
0.28538 


0.28507 
0.28476 
0.28445 
0.28414 
0.28383 


0.28352 
0.28321 
0.28291 
0.28260 
0.28229 


0.28198 
0.28167 
0.28137 
0.28106 
0.28075 


0.28045 
0.28014 
0.27983 
0.27952 
0.27922 


0.27891 
0.27860 
0.27830 
0.27799 
0.27769 


0.27738 
0.27707 
0.27677 
0.27646 
0.27616 


0.27585 
0.27555 
0.27524 
0.27494 
0.27463 


0.27433 


L.Tang. 


L.  Cos.  d. 


9.94988 
9.94982 
9.94975 
9.94969 
9.94962 


9.94956 
9.94949 
9.94943 
9.94936 
9.94930 


9.94923 
9.94917 
9.94911 
9.94904 
9.94896 


9.94891 
9.94885 
9.94878 
9.94871 
9.94865 


9.94858 
9.94852 
9.94845 
9.94839 
9.94832 


9.94826 
9.94819 
9.94813 
9.94806 
9.94799 


9.94793 
9.94786 
9.94780 
9.94773 
9.94767 


9.94760 
9.94753 
9.94747 
9.94740 
9.94734 


9.94727 
9.94720 
9.94714 
9.94707 
9.94700 


9.94694 
9.94687 
9.94680 
9.94674 
9.94667 


9.94660 
9.94654 
9.94647 
9.94640 
9.94634 


9.94627 
9.94620 
9.94614 
9.94607 
9.94600 


9.94593 


L.  Sin.  d. 


6 
7 
6 

7 
6 

7 
6 
7 
6 
7 

6 
6 

7 
6 

7 

6 

7 
7 
6 

7 

6 
7 
6 
7 
6 

7 
6 
7 
7 
6 

7 
6 
7 
6 
7 

7 
6 
7 
6 

7 

7 
6 
7 
7 
6 

7 
7 
6 

7 
7 

6 

7 
7 
6 
7 

7 
6 
7 
7 
7 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 

50 

49 
48 
47 
46 

45 
44 
43 
42 
41 


40 

39 
38 
37 
36 

35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
21^ 

10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


32 

6 

3.2 

3.7 

8 

4.3 

9 

4.8 

10 

5.3 

20 

10.7 

30 

16.0 

40 

21.3 

50 

26.7 

31 

3.1 

3.0 

4.1 

4.7 

5.2 

10.3 

15.5 

20.7 

25.8 


6 

7 
8 
9 
10 
20 
30 
40 
50 


30 

3.0 

3.5 

4.0 

4.5 

5.0 

10.0 

15.0 

20.0 

25.0 


25 

6 

2.5 

7 

2.9 

8 

3.3 

9 

3.8 

10 

4.2 

20 

8.3 

30 

12.5 

40 

16.7 

50 

20.8 

24 

2.4 

2.8 

3.2 

3.6 

4.0 

8.0 

12.0 

16.0 

20.0 


6 

7 

8 

9 

10 

20 

30 

40 

50 


23 

2.3 

2.7 

3.1 

3.5 

3.8 

7.7 

11.5 

15.3 

19.2 


7 

6 

6 

0.7 

0.6 

7 

0.8 

0.7 

8 

0.9 

0.8 

9 

1.1 

0.9 

10 

1.2 

1.0 

20 

2.3 

2.0 

30 

3.5 

3.0 

40 

4.7 

4.0 

50 

5.8 

5.0 

P.P. 


mmrmm 


20 


LOQARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 

28'' 


L.  Sin. 


0 
1 
2 
3 

Jl 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
-23 

25 
26 

27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 

48 
49 

50 
51 
52 
53 

54 

55 
56 
57 
58 
59 

60 


9.67161 
9.67185 
9.67-208 
9.67232 
9.67256 


9.67280 
9.67303 
9.67327 
9.67350 
9.67374^ 

9.67398 
9.67421 
9.67445 
9.67468 
9.67492 


9.67515 
9.67539 
9.67562 
9.67586 
9.67609 


9.67633 
9.67656 
9.67680 
9.67703 
9.67726 

9.67750 
9.67773 
9.67796 
9.67820 
9.67843 


9.67866 
9.67890 
9.67913 
9.67936 
9.67959 

9.67982 
9.68006 
9.68029 
9.68052 
9.68075 


9.68098 
9.68121 
9.68144 
9.68167 
9.68190 


9.68213 
9.68237 
9.68260 
9.68283 
9.68305 


9.68328 
9.68351 
9.68374 
9.68397 
9.68420 

9.68443 
9.68466 
9.68489 
9.68512 
9.68534 

9.68557 

L.  Cos. 


d. 


24 
23 
24 
24 
24 

23 
24 
23 
24 
24 

23 
24 
23 
24 
23 

24 
23 
24 
23 
24 

23 
24 
23 
23 
24 

23 
23 
24 
23 
23 

24 
23 
23 
23 
23 

24 
23 
23 
23 
23 

23 
23 
23 
23 
23 

24 
23 
23 
22 
23 

23 
23 
23 
23 
23 

23 
23 
23 
22 
23 


d. 


L.Tang. 


9.72567 
9.72598 
9.72628 
9.72659 
9.72689 


9.72720 
9.72750 
9.72780 
9.72811 
9.72841 


9.72872 
9.72902 
9.72932 
9.72963 
9.72993 


9.73023 
9.73054 
9.73084 
9.73114 
9.73144 


9.73175 
9.73205 
9.73235 
9.73265 
9.73295 


9.73326 
9.73356 
9.73386 
9.73416 
9.73446 


9.73476 
9.73507 
9.73537 
9.73567 
9.73597 


9.73627 
9.73657 
9.73687 
9.78717 
9.73747 


9.73777 
9.73807 
9.73837 
9.73867 
9.73897 


9.73927 
9.73957 
9.73987 
9.74017 
9.74047 


;).74077 
9.74107 
9.74137 
9.74166 
9.74196 


9.74226 
9.74256 
9.74286 
9.74316 
9.74345 


9.74375 


L.  Cotg. 


d.  c. 


31 
30 
31 
30 
31 

30 
30 
31 
30 
81 

30 
80 
31 
30 
30 

31 
30 
30 
30 
31 

30 
30 
30 
30 
31 

30 
30 
30 
30 
30 

31 

30 
80 
30 
30 

30 
30 
30 
30 
80 

30 
30 
30 
30 
30 

30 
80 
30 
30 
30 

80 
30 
29 
30 
80 

30 
30 
30 
29 
30 


d.  c. 


L.  Cotg. 

0.27433 
0.27402 
0.27372 
0.27341 
0.27311 


0.27280 
0.27250 
0.272-20 
0.27189 
0.27159 


0.27128 
0.27098 
0.27068 
0.27037 
0.27007 


0.26977 
0.26946 
0.26916 
0.26886 
0.26856 


0.26825 
0.26795 
0.26765 
0.26735 
0.26705 


0.26674 
0.26644 
0.26614 
0.26584 
0.26554 


0.26524 
0.26493 
0.26463 
0.26438 
0.26403 


0.26373 
0.26343 
0.26313 
0.26283 
0.26253 


0.26223 
0.26193 
0.26163 
0.26133 
0.26103 


0.26073 
0.26043 
0.26013 
0.25983 
0.25953 

0.25923 
0.25893 
0.25863 
0.25834 
0.25804 

0.25774 
0.25744 
0.25714 
0.25684 
0.25655 


0.25625 


L.Tang. 


L.  Cos. 


9.94593 
9.94587 
9.94580 
9.94573 
9.94567 


9.94560 
9.94553 
9.94546 
9.94540 
9.94533 


9.94526 
9.94519 
9.94513 
9.94506 
9.94499 


9.94492 
9.94485 
9.94479 
9.94472 
9.94465 


9.94458 
9.94451 
9  Q444.') 

9.94438 
9.94431 


9.94424 
9.94417 
9.94410 
9.94404 
9.94397 


9.94390 
9.94383 
9.94376 
9.94369 
9.94362 


9.94355 
9.94349 
9.94342 
9.94335 
9.94328 


9.94321 
9.94314 
9.94307 
9.94300 
9.94293 


9.94286 
9.94279 
9.94273 
9.94266 
9.94259 


9.94252 
9.94245 
9.94238 
9.94231 
9.94224 


9.94217 
9.94210 
9.94203 
9.94196 
9.94189 


9.94182 


L.8iii. 


d. 


6 
7 
7 
6 
7 

7 
7 
6 
7 
7 

7 
6 

7 
7 
7 

7 
6 
7 
7 
7 

7 
6 

7 
7 

7 

7 
7 
6 
7 
7 

7 
7 
7 
7 
7 

6 

7 
7 
7 
7 

7 
7 
7 
7 
7 

7 
6 
7 
7 
7 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 


d. 


60 

50 
58 
57 
56 


65 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 

42 
41 


40 

39 
38 
37 
36 


85 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 

15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


SI 

6 

3.1 

7 

3.6 

8 

4.1 

9 

4.7 

10 

5.2 

20 

10.3 

30 

15.5 

40 

20.7 

50 

25.8 

SO 

3.0 

8.5 

4.0 

4.5 

5.0 

10.0 

15.0 

20.0 

25.0 


6 

7 

8 

9 

10 

20 

30 

40 

50 


29 

2.9 

3.4 

3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


24 

6 

2.4 

7 

2.8 

8 

3.2 

9 

3.6 

10 

4.0 

20 

8.0 

30 

12.0 

40 

16.0 

50 

20.0 

2S 

2.3 

2.7 

3.1 

3.5 

3.8 

7.7 

11.5 

15.3 

19.2 


6 

7 

8 

9 

10 

20 

30 

40 

50 


22 

2.2 

2.6 

2.9 

3.3 

3.7 

7.3 

11.0 

14.7 

18.3 


7 

6 

0.7 

7 

0.8 

8 

0.9 

9 

1.1 

10 

1.2 

20 

2.3 

SO 

S.5 

40 

4.7 

m 

5.8 

6 

0.6 
0.7 
0.8 
0.9 
1.0 
2,0 
3.0 
4.0 
&0 


P.P. 


0 

1 

2 
3 

4 

5 
6 
7 
8 
9 

10 
U 
12 
13 
14 

15 
16 

17 
18 
19 


20 

21 
22 
23 
24 

26 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 


40 
41 
42 
43 
44 


45 
46 

47 
48 
49 


50 

61 
52 
63 
54 

55 
56 
57 
58 
59 


60 


LOGAEITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 

29° 


521 


L.  Sin. 


9.68557 
9.68580 
9.68603 
9.68625 
9.68648 


9.68671 
9.68694 
9.68716 
9.68739 
9.68762 

9.68784" 

9.68807 

9.68829 

9.68852 

9.68875 


9.68897 
9.68920 
9.68942 
9.68965 
9.68987 


9.69010 
9.69032 
9.69065 
9.69077 
9.69100 


9.69122 
9.69144 
9.69167 
9.69189 
9.69212 


9.69234 
9.69266 
9.69279 
9.69301 
9.69323 


9.69345 
9.69368 
9.69390 
9.69412 
9.69434 


9.69456 
9.69479 
9.69601 
9.69623 
9.69645 


9.69667 
9.69689 
9.69611 
9.69633 
9.69656 


9.69677 
9.69699 
9.69721 
9.69743 
9.69766 


9.69787 
9.69809 
9.69831 
9.69853 
9.69876 


9.69897 
L.Ck>s. 


d. 


L.Tang. 


9.74375 
9.74405 
9.74435 
9.74465 
9.74494 


9.74524 
9.74554 
9.74583 
9.74613 
9.74643 


9.74673 
9.74702 
9.74732 
9.74762 
9.74791 


9.74821 
9.74851 
9.74880 
9.74910 
9.74939 


9.74969 
9.74998 
9.75028 
9.75058 
9.76087 


9.76117 
9.76146 
9.75176 
9.76206 
9.76236 


28 
23 
22 
23 
23 

23 
22 
23 
28 
22 

28 
22 
23 
23 
22 

23 
22 
23 
22 
28 

22 
23 
22 
23 
22 

22 
23 
22 
23 
22 

22 
23 
22 
22 
22 

23 
22 
22 
22 
22 

28 
22 
22 
22 
22 

22 
22 
22 
22 
22 

22 
22 
22 
22 
22 

22 

22 

22 

22 

22 

9.76144 

d.  |l.  Ck)tg. 


9.75264 
9.75294 
9.76328 
9.75353 
9.76382 


9.75411 
9.75441 
9.75470 
9.76500 
9.75529 


9.75568 
9.75688 
9.76617 
9.76647 
9.75676 


9.75705 
9.75735 
9.75764 
9.75793 
9.75822 


9.76852 
9.75881 
9.76910 
9.76939 
9.75969 


9.76998 
9.76027 
9.76066 
9.76086 
9.76115 


d.  c. 


30 
30 
30 
29 
30 

30 
29 
SO 
30 
80 

29 
80 
80 
29 
80 

SO 
29 
SO 
29 
30 

29 
30 
30 
29 
30 

29 
30 
29 
30 
29 

30 
29 
80 
29 
29 

80 
29 
80 
29 
29 

SO 
29 
80 
29 
29 

80 
29 
29 
29 
30 

29 
29 
29 
80 
29 

29 
29 
80 
29 
29 

d.  c. 


L.  Cotg. 


0.26625 
0.25595 
0.25565 
0.25536 
0.25506 


0.25476 
0.25446 
0.25417 
0.25387 
0.25357 


0.25327 
0.25298 
0.25268 
0.25238 
0.25209 


0.25179 
0.25149 
0.25120 
0.25090 
0.26061 


0.25031 
0.25002 
0.24972 
0.24942 
0.24913 


0.24883 
0.24854 
0.24824 
0.24795 
0.24765 


0.24736 
0.24706 
0.24677 
0.24647 
0.24618 


0.24589 
0.24659 
0.24530 
0.24600 
0.24471 


0.24442 
0.24412 
0.24383 
0.24353 
0.24324 


0.24295 
0.24265 
0.24236 
0.24207 
0.24178 


0.24148 
0.24119 
0.24090 
0.24061 
0.24031 


0.24002 
0.23973 
0.23944 
0.23914 
0.23886 


ff. 


0.23856 
L.Tang. 


L.COS. 


9.94182 
9.94175 
9.94168 
9.94161 
9.94154 

9.94147 
9.94140 
9.94133 
9.94126 
9.94119 


9.94112 
9.94105 
9.94098 
9.94090 
9.94083 


9.94076 
9.94069 
9.94062 
9.94055 
9.94048 


9.94041 
9.94034 
9.94027 
9.94020 
9.94012 


9.94005 
9.93998 
9.93991 
9.93984 
9.93977 


9.93970 
9.93963 
9.93956 
9.93948 
9.93941 


9.93934 
9.98927 
9.93920 
9.93912 
9.98906 


9.93898 
9.98891 
9.98884 
9.93876 
9.98869 


9.98862 
9.93866 
9.93847 
998840 
9.98833 


9.93826 
9.93819 
9.93811 
9.93804 
9.93797 


9.93789 
9.93782 
9.93775 
9.93768 
9.93760 


9.93753 
L.  Sin. 


d. 


7 
7 
7 
7 

7 

7 
7 
7 
7 

7 

7 
7 
8 
7 
7 

7 
7 
7 
7 
7 

7 
7 
7 
8 
7 

7 
7 

7 
7 
7 

7 
8 
7 
7 

7 

7 

7 
8 
7 
7 

7 
7 
8 
7 
7 

7 
8 
7 
7 
7 

7 
8 
7 
7 
8 

7 
7 
7 
8 
7 

dT 


60 

59 

58 
57 
56 


35 
84 
33 
82 
81 


SO 

29 
28 
27 
26 


26 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 

7 
6 


5 
4 
3 
2 
1 


P.P. 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 
8 
9 
10 
20 
30 
40 
50 


6 

7 
8 
9 
10 
20 
80 
40 
50 


6 

7 

8 

9 

10 

20 

30 

40 

50 


SO 

8.0 

3.5 

4.0 

4.5 

5.0 

10.0 

15.0 

20.0 

26.0 


29 

2.9 
3.4 

3.9 

4.4 

4.8 

9.7 

14.6 

19.3 

24.2 


23 

2.3 

2.7 

3.1 

3.5 

3.8 

7.7 

11.5 

15.3 

19.2 


22 

2.2 

2.6 

2.9 

3.3 

3.7 

7.3 

11.0 

14.7 

18.3 


6 

6 

0.8 

7 

0.9 

8 

1.1 

9 

1.2 

10 

1.3 

20 

2.7 

30 

4.0 

40 

5.3 

50 

6.7 

7 

0.7 
0.8 
0.9 
1.1 
1.2 
2.3 
3.5 
4.7 
5.8 


P.P. 


522 


LOGARITHMS  OF  TBIQONOMETBIO  FUNCTIONS, 


0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11 
12 
13 

14 

15 
16 
17 
18 
19 

20 
21 
22 
23 

24 

25 
26 

27 
28 
29 

30 

31 
32 
33 
34 


35 
36 
37 

38 
39 

40 
41 
42 
43 
U 

45 
46 

47 

49 

50 

51 
52 
53 

54 

55 
56 
57 
58 
59 

60 


L.  Sin. 


9.69897 
9.69919 
9.69941 
9.69963 
9.69984 


9.70006 
9.70028 
9.70050 
9.70072 
9.70093 


9.70115 
9.70137 
9.70159 
9.70180 
9.70202 


9.70224 
9.70245 
9.70267 
9.70288 
9.70310 


9.70332 
9.70353 
9.70375 
9.70396 
9.70418 


9.70439 
9.70461 
9.70482 
9.70504 
9.70525 


9.70547 
9.70568 
9.70590 
9.70611 
9.70633 


9.70654 
9.70675 
9.70697 
9.70718 
9.70739 


9.70761 
9.70782 
9.70803 
9.70824 
9.70846 


9.70867 
9.70888 
9.70909 
9.70931 
9.70952 


9.70973 
9.70994 
9.71015 
9.71036 
9.71058 


9.71079 
9.71100 
9.71121 
9.71142 
9.71163 


9.71184 


L.  Cos. 


d. 


22 
22 
22 
21 
22 

22 
22 
22 
21 
22 

22 
22 
21 
22 
22 

21 
22 
21 
22 
22 

21 
22 
21 
22 
21 

22 
21 
22 
21 
22 

21 
22 
21 
22 
21 

21 
22 
21 
21 

22 

21 
21 
21 
22 
21 

21 
21 
22 
21 
21 

21 
21 
21 
22 
21 

21 
21 
21 
21 
21 


d. 


L.Tang. 


9.76144 
9.76173 
9.76202 
9.76231 
9.76261 


9.76290 
9.76319 
9.76348 
9.76377 
9.76406 


9.76435 
9.76464 
9.76493 
9.76522 
9.76551 


9.76580 
9.76609 
9.76639 
9.76668 
9.76697 


9.76725 
9.76754 
9.76783 
9.76812 
9.76841 


9.76870 
9.76899 
9.76928 
9.76957 
9.76986 


9.77015 
9.77044 
9.77073 
9.77101 
9.77130 


9.77159 
9.77188 
9.77217 
9.77246 
9.77274 


9.77303 
9.77332 
9.77361 
9-77390 
9.77418 


9.77447 
9.77476 
9.77505 
9.77533 
9.77562 


9.77591 
9.77619 
9.77648 
9.77677 
9.77706 


9.77734 
9.77763 
9.77791 
9.77820 
9.77849 


9.77877 


L.  Cotg. 


d.  c. 


29 
29 
29 
90 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
80 
29 
29 
28 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
28 
29 
29 

29 
29 
29 
28 
29 

29 
29 
29 
28 
29 

29 
29 
28 
29 
29 

28 
29 
29 
29 
28 

29 
28 
29 
29 
28 


d.  c. 


L.  Cotg. 


0.23856 
0.23827 
0.23798 
0.23769 
0.23739 


0.23710 
0.23681 
0.23652 
0.23623 
0.23594 


0.23565 
0.23536 
0.23507 
0.23478 
0.23449 


0.23420 
0.23391 
0.23361 
0.23332 
0.23303 


0.23275 
0.23246 
0.23217 
0.23188 
0.23159 


0.23130 
0.23101 
0.23072 
0.23043 
0.23014 


0.22985 
0.22956 
0.22927 
0.22899 
0.22870 


0.22841 
0.22812 
0.22783 
0.22754 
0.22726 


0.22697 
0.22668 
0.22639 
0.22610 
0.22582 


0.22553 
0.22524 
0.22495 
0.22467 
0.22438 


0.22409 
0.22381 
0.22352 
0.22323 
0.22294 


0.22266 
0.22237 
0.22209 
0.22180 
0.22151 


0.22123 


L.Tang. 
590 


L.  Cos. 


9.93753 
9.98746 
9.93738 
9.93731 
9.98724 


9.93717 
9.93709 
9.93702 
9.98695 
9.93687 


9.93680 
9.93673 
9.93665 
9.98658 
9.98650 


9.93643 
9.98636 
9.98628 
9.98621 
9.93614 


9.98606 

9.93599, 

9.93591 

9.98584 

9.93577 


9.93569 
9.98562 
9.93554 
9.98547 
9.93539 


9.93532 
9.93525 
9.93517 
9.93510 
9.93502 


9.93495 
9.93487 
9.98480 
9.93472 
9.98465 


9.98457 
9.93450 
9.98442 
9.93435 
9.93427 


9.93420 
9.93412 
9.93405 
9.98397 
9.93390 


9.93382 
9.93375 
9.93367 
9.93360 
9.93352 


9.93344 
9.93337 
9.93329 
9.93322 
9.93314 


9^93307 
L.  Sin. 


7 
8 
7 
7 
7 

8 
7 

7 
8 

7 

7 
8 
7 
8 
7 

7 
8 
7 
7 
8 

7 
8 
7 
7 
8 

7 
8 
7 
8 
7 

7 
8 

7 
8 
7 

8 
7 
8 

7 
8 

7 
8 
7 
8 
7 

8 
7 
8 
7 
8 

7 
8 
7 
8 
8 

7 
8 
7 
8 
7 


d. 


60 
59 

58 
57 
56 


55 
54 
53 
52 
51 


50 

49 

48 
47 
46 


45 
44 
43 
42 
41 


40 

89 
88 
87 
86 


85 
34 
83 
32 
81 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 
19 

18 
17 
16 


15 
14 
13 
12 
11 


10 
9 

8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


30 

29 

6 

3.0 

2.9 

7 

3-5 

3.4 

8 

4.0 

3.9 

9 

4.5 

4.4 

10 

5.0 

4.8 

20 

10.0 

9.7 

30 

15.0 

14.5 

40 

20.0 

19.3 

60 

25.0 

24.2 

6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

60 


6 

7 

8 

9 

10 

20 

80 

40 

50 


28 

2.8 

3.3 

3.7 

4.2 

4.7 

9.3 

14.0 

18.7 

23.3 


22 

2.2 

2.6 

2.9 

3.3 

3.7 

7.3 

11.0 

14.7 

18.3 


ti 

2.1 

2.5 

28 

3.2 

3.5 

7.0 

10.5 

14.0 

17.5 


8 

6 

0.8 

7 

0.9 

8 

1.1 

9 

1.2 

10 

1.3 

20 

27 

30 

4.0 

40 

5.3 

50 

6.7 

7 

0.7 
0.8 
0.9 
1.1 
1.2 
23 
3.5 
4.7 
5.8 


P.P. 


0 

1 

2 
3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 


15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 

27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 

31° 


52^ 


L.  Sin.  j    d. 


9.71184 
9.71205 
9.71226 
9.71247 
9.71268 


I" 


9.71289 
9.71810 
9.71331 
9.71352 
9.71373 


9.71393 
9.71414 
9.71435 
9.71456 
9.71477 


9.71498 
9.71519 
9.71539 
9.71560 
9.71581 


9.71602 
9.71622 
9.71643 
9.71664 
9.71685 


9.71705 
9.71726 
9.71747 
9.71767 
9.71788 


9.71809 
9.71829 
9.71850 
9.71870 
9.71891 


9.71911 
9.71932 
9.71952 
9.71973 
9.71994 


9.72014 
9.72034 
9.72056 
9.72075 
9.72096 


9.72116 
9.72137 
9.72157 
9.72177 
9.72198 


9.72218 
9.72238 
9.72259 
9.72279 
9.72299 


9.72320 
9.72340 
9.72360 
9.72381 
9.72401 


9.72421 


L.  Cos.   d. 


21 
21 
21 
21 
21 

21 

21 
21 
21 
20 

21 
21 
21 
21 
21 

21 
20 
21 
21 
21 

20 
21 
21 
21 
20 

21 
21 
20 
21 
21 

20 
21 
20 
21 
20 

21 
20 
21 
21 
20 

20 
21 
20 
21 
20 

21 
20 
20 
21 
20 

20 
21 
20 
20 
21 

20 
20 
21 
20 
20 


L.Tang. 


9.77877 
9.77906 
9.77935 
9.77963 
9.77992 


9.78020 
9.78049 
9.78077 
9.78106 
9.78136 


9.78163 
9.78192 
9.78220 
9.78249 
9.78277 


9.78306 
9.78334 
9.78363 
9.78391 
9.78419 


9.78448 
9.78476 
9.78505 
9.78533 
9.78562 


9.78590 
9.78618 
9.78647 
9.78675 
9.78704 


9.78732 
9.78760 
9.78789 
9.78817 
9.78845 


9.78874 
9.78902 
9.78930 
9.78959 
9.78987 


9.79015 
9.79043 
9.79072 
9.79100 
9.79128 


9.79156 
9.79185 
9.79213 
9.79241 
9.79269 


9.79297 
9.79326 
9.79354 
9.79382 
9.79410 


9.79438 
9.79466 
9.79495 
9.79523 
9.79551 


9.79579 


L.  Cotg. 


d.  c.  L.  Cotg. 

0^123 
0.22094 
0.22066 
0.22037 
0.22008 


29 
29 
28 
29 
28 

29 
28 
29 
29 
28 

29 
28 
29 
28 
29 

28 
29 
28 
28 
29 

28 
29 
28 
29 
28 

28 
29 
28 
29 
28 

28 
29 
28 
28 
29 

28 
28 
29 
28 
28 

28 
29 
28 
28 
28 

29 

28 
28 
28 
28 

29 
28 
28 
28 
28 

28 
29 
28 
28 
28 


d.  c. 


0.21980 
0.21951 
0.21923 
0.21894 
0.21865 


0.21837 
0.21808 
0.21780 
0.21751 
0.21723 


0.21694 
0.21666 
0.21637 
0.21609 
0.21681 


0.21552 
0.21524 
0.21495 
0.21467 
0.21438 


0.21410 
0.21382 
0.21353 
0.21325 
0.21296 


0.21268 
0.21240 
0.21211 
0.21183 
0.21155 


0.21126 
0.21098 
0.21070 
0.21041 
0.21013 


0.20985 
0.20957 
0.20928 
0.20900 
0.20872 


0.20844 
0.20815 
0.20787 
0.20759 
0.20731 


0.20703 
0.20674 
0.20646 
0.20618 
0.20590 


0.20662 
0.20534 
0.20505 
0.20477 
0.20449 


L.  Cos. 

"9.93307 
9.93299 
9.93291 
9.93284 
9.93270 


9.93269 
9.93261 
9.93253 
9.93246 
9.93238 


9.93280 
9.93223 
9.93215 
9.93207 
9.93200 


9.93192 
9.93184 
9.93177 
9.93169 
9.93161 


9.93154 
9.93146 
9.93138 
9.93131 
9.93123 


9.93115 
9.93108 
9.93100 
9.93092 
9.93084 


9.93077 
9.93069 
9.93061 
9.93053 
9.93046 


9.93038 
9.93030 
9.93022 
9.93014 
9.93007 


9.92999 
9.92991 
9.92983 
9.92976 
9.92968 


9.92960 
9.92952 
9.92944 
9.92936 
9.92929 


9.92921 
9.92913 
9.92905 
9.92897 
9.92889 


9.92881 
9.92874 
9.92866 
9.92858 
9.92850 


9.92842 


18-A 


0.20421 

L.Tang.  I  L.  Sin. 

58  *» 


8 

8 
7 
8 

7 

8 
8 
7 
8 
8 

7 
8 
8 

7 
8 

8 
7 
8 
8 
7 

8 
8 
7 
8 
8 

7 
8 
8 
8 
7 

8 
8 
8 
7 
8 

8 
8 
8 
7 
8 

8 
8 
7 
8 
8 

8 
8 
8 
7 
8 

8 
8 
8 
8 
8 

7 
8 
8 
8 
8 


d. 


60 

59 
58 
57 
56 

55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 
8 
9 
10 
20 
30 
40 
50 


29 

2.9 

3.4 

3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


26 

2.8 

3.3 

3.7 

4.2 

4.7 

9.3 

14.0 

18.7 

23.3 


21 

2.1 

2.5 

2.8 

3.2 

3.5 

7.0 

10.5 

14.0 

17.5 


20 

2.0 

2.3 

2.7 

3.0 

3.3 

6.7 

10.0 

13.3 

16.7 


8 

6 

0.8 

7 

0.9 

8 

1.1 

9 

1.2 

10 

1.3 

20 

2.7 

30 

4.0 

40 

5.3 

50 

6.7 

7 

0.7 
0.8 
0.9 
1.1 
1.2 
2.3 
3.5 
4.7 
5.8 


P.P. 


124 
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32° 


0 
1 
2 
8 
4 

5 
6 
7 
8 

10 
11 
12 
13 
14 


15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 


L.  Sin. 


9.72421 
9.72441 
9.72461 
9.72482 
9.72502 


9.72522 
9.72542 
9.72562 
9.72582 
9.72602 


9.72622 
9.72643 
9.72663 
9.72683 
9.72703 


9.72723 
9.72743 
9.72768 
9.72783 
9.72803 


9.72823 
9.72843 
9.72863 
9.72883 
9.72902 


9.72922 
9.72942 
9.72962 
9.72982 
9.73002 


9.73022 
9.73041 
9.73061 
9.73081 
9.73101 


9.73121 
9.73140 
9.73160 
9.73180 
9.73200 


9.73219 
9.73239 
9.73259 
9.73278 
9.73298 


9.73318 
9.73337 
9.73357 
9.73377 
9.73396 


9.73416 
9.73435 
9.73455 
9.73474 
9.73494 


9.73513 
9.73533 
9.78552 
9.78672 
9.73591 


9.73611 


L.G08.   d. 


d. 


20 
20 
21 
20 
20 

20 
20 
20 
20 
20 

21 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
19 
20 

20 
20 
20 
20 
20 

19 
20 
20 
20 
20 

19 
20 
20 
20 
19 

20 
20 
19 
20 
20 

19 
20 
20 
19 
20 

19 
20 
19 
20 
19 

20 
19 
20 
19 
20 


L.Tang. 

9.79579 
9.79607 
9.79635 
9.79663 
9.7%91 


9.79719 
9.79747 
9.79776 
9.79804 
9.79832 


9.79860 
9.79888 
9.79916 
9.79944 
9.79972 


9.80000 
9.80028 
9.80056 
9.80084 
9.80112 


9.80140 
9.80168 
9.80195 
9.80223 
9.80251 


9.80279 
9.80307 
9.80335 
9.80363 
9.80391 


9.80419 
9.80447 
9.80474 
9.80502 
9.80530 


9.80558 
9.80586 
9.80614 
9.80642 
9.80669 


9.80697 
9.80725 
9.80753 
9.80781 
9.80808 


9.80836 
9.80864 
9.80892 
9.80919 
9.80947 


9.80975 
9.81003 
9.81030 
9.81058 
9.81086 


9.81118 
9.81141 
9.81169 
9.81196 
9.81224 


9.81252 


L.  Cotg.  d.  c 


d.  c. 


28 
28 
28 
28 
28 

28 
29 
28 
28 
28 

28 
28 
28 

28 
28 

28 
28 
28 

28 
28 

28 
27 
28 
28 
28 

28 
28 
28 
28 
28 

28 
27 
28 
28 
28 

28 
28 
28 
27 
28 

28 
28 
28 
27 
28 

28 
28 
27 
28 
28 

28 
27 
28 
28 
27 

28 
28 
27 
28 
28 


L.  Cotg. 


0.20421 
0.20393 
0.20865 
0.20337 
0.20309 


0.20281 
0.20253 
0.20224 
0.20196 
0.20168 


0.20140 
0.20112 
0.20084 
0.20056 
0.20028 


0.20000 


0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


9972 
9944 
9916 

9888 


9860 
9832 
9805 
9777 
9749 


9721 
9693 
9665 
9637 
9609 


9581 
9553 
9526 
9498 
9470 


9442 
9414 
9386 
9358 
9381 


9303 
9275 
9247 
9219 
9192 


9164 
9136 
9108 
9081 
9053 


9025 
8997 
8970 
8942 
8914 


8887 
8859 
8831 
8804 
8776 


0.18748 


L.Tang. 


L.  Cos. 


9.92842 
9.92834 
9.92826 
9.92818 
9.92810 


9.92803 
9.92795 
9.92787 
9.92779 
9.92771 


9.92768 
9.92755 
9.92747 
9.92789 
9.92781 


9.92728 
9.92715 
9.92707 
9.92699 
9.92691 


9.92688 
9.92675 
9.92667 
9.92659 
9.92651 


9.92648 
9.92685 
9.92627 
9.92619 
9.92611 


9.92603 
9.92596 
9.92587 
9.92579 
9.92671 


9.92568 
9.92556 
9.92646 
9.92638 
9.92580 


9.92522 
9.92514 
9.92506 
9.92498 
9.92490 


9.92482 
9.92478 
9.92465 
9.92457 
9.92449 


9.92441 
9.92488 
9.92426 
9.92416 
9.92408 


9.92400 
9.92392 
9.92884 
9.92876 
9.92867 


9.92359 


L.  Sin. 


d. 


8 
8 
8 
8 

7 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
9 
8 
8 
8 

8 
8 
8 
8 
8 

9 

8 
8 
8 
8 

8 
8 
9 
8 
8 

8 
8 
8 
9 
8 


60 
69 

58 
67 
56 


66 
54 
63 
62 
61 


SO 
49 

48 
47 
46 


45 
44 
43 
42 
41 


40 
39 
88 
87 
86 


86 
34 
88 
82 
31 


30 

29 
28 
27 
26 


25 
24 
28 
22 
21 


20 
19 
18 
17 
16 


16 
14 
13 
12 
11 


10 

9 
8 
7 
6 


6 
4 
8 
2 
1 


P.P. 


29 

t% 

6 

2.9 

2.8 

7 

8.4 

S.8 

8 

8.9 

S.7 

9 

4.4 

4.2 

10 

4.8 

4.7 

20 

9.7 

9.8 

SO 

14.6 

14.0 

40 

19.8 

18.7 

60 

24.2 

2341 

6 

7 
8 
9 
10 
20 
80 
40 
60 


27 

2.7 

8.2 

8.6 

4.1 

4.5 

9.0 

13.5 

18.0 

22.5 


21 

6 

2.1 

7 

2.5 

8 

2.8 

9 

8.2 

10 

8.5 

20 

7.0 

80 

10.6 

40 

14.0 

60 

17.6 

to 

2.0 

2.3 

2.7 

3.0 

3.8 

6.7 

10.0 

13.8 

16.7 


6 

7 

8 

9 

10 

20 

80 

40 

60 


6 

7 

8 

9 

10 

20 

80 

40 

50 


• 

0.9 
1.1 
1.2 
1.4 
L5 
8.0 
4.5 
6.0 
7.5 


19 
1.9 
2.2 
2.5 
2.9 
3.2 
6.8 
9.5 
12.7 
15.8 


• 

0.8 
0.9 
1.1 
1.2 
1.8 
2.7 
4.0 
5.8 


7 
0,7 

as 

0.9 
LI 
L2 
2.3 

SO) 
4.7 
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525 


0 
1 
2 

8 
_4 

5 
6 
7 
8 
J9 

10 

11 
12 
13 
14 


15 
16 
17 
18 
19 

20 
21 
22 
23 

24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 

47 
48 
49 

51 
52 
53 
54 

55 
56 
57 
58 
59 


60 


L.Sin. 


9.73611 
9.73630 
9.73650 
9.73669 
9.73689 


9.73708 
9.73727 
9.73747 
9.73766 
9.73785 


9.73806 
9.73824 
9.73843 
9.73863 
9.73882 


9.73901 
9.73921 
9.73940 
9.73969 
9.73978 


9.73997 
9.74017 
9.74036 
9.74055 
9.74074 


9.74093 
9.74113 
9.74132 
9.74151 
9.74170 


9.74189 
9.74208 
9.74227 
9.74246 
9.74265 


9.74284 
9.74303 
9.74322 
9.74341 
9.74360 


9.74379 
9.74398 
9.74417 
9.74436 
9.74455 


9.74474 
9.74493 
9.74512 
9.74531 
9.74549 


9.74568 
9.74587 
9.74606 
9.74625 
9.74644 


9.74662 
9.74681 
9.74700 
9.74719 
9.74737 


9.74756 


L.  Cos. 


19 
20 
19 
20 
19 

19 
20 
19 
19 
20 

19 
19 
20 
19 
19 

20 
19 
19 
19 
19 

20 
19 
19 
19 
19 

20 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
19 
19 

19 
19 
19 
18 
19 

19 
19 
19 
19 
18 

19 
19 
19 
18 
19 


L.Tftiig. 


9.81252 
9.81279 
9.81307 
9.81335 
9.81362 


9.81390 
9.81418 
9.81445 
9.81473 
9.81500 


9.81528 
9.81556 
9.81583 
9.81611 
9.81638 


9.81666 
9.81693 
9.81721 
9.81748 
9.81776 


9.81803 
9.81831 
9.81858 
9.81886 
9.81913 


9.81941 
9.81968 
9.81996 
9.82023 
9.82051 


9.82078 
9.82106 
9.82133 
9.82161 
9.82188 


9.82215 
9.82243 
9.82270 
9.82298 
9.82325 


9.82352 
9.82380 
9.82407 
9.82435 
9.82462 


9.82489 
9.82517 
9.82544 
9.82571 
9.82599 


9.82626 
9.82653 
9.82681 
9.82708 
9.82735 


9.82762 
9.82790 
9.82817 
9.82844 
9.82871 


9.82899 
|l.  Cotg. 


d.c. 


27 
28 
28 
27 
28 

28 
27 
28 
27 
28 

28 
27 
28 
27 
28 

27 
28 
27 
28 
27 

28 
27 
28 
27 
28 

27 
28 
27 
28 
27 

28 
27 
28 

27 
27 

28 
27 
28 
27 

27 

28 
27 
28 
27 
27 

28 
27 
27 
28 
27 

27 
28 
27 
27 
27 

28 
27 
27 
27 
28 


d.  c. 


L.  Cotg. 


0.18748 
0.18721 
0.18693 
0.18665 
0.18638 


0.18610 
0.18582 
0.18565 
0.18527 
0.18500 


0.18472 
0.18444 
0.18417 
0.18389 
0.18362 


0.18334 
0.18307 
0.18279 
0.18252 
0.18224 


0.18197 
0.18169 
0.18142 
0.18114 
0.18087 


0.18059 
0.18032 
0.18004 
0.17977 
0.17949 


0.17922 
0.17894 
0.17867 
0.17839 
0.17812 


0.17785 
0.17757 
0.17730 
0.17702 
0.17675 

0.17648 
0.17620 
0.17593 
0.17565 
0.17538 


0.17511 
0.17483 
0.17456 
0.17429 
0.17401 


0.17374 
0.17347 
0.17319 
0.17292 
0.17265 


0.17238 
0.17210 
0.17183 
0.17156 
0.17129 


L.  Cos. 


9.92359 
9.92351 
9.92343 
9.92335 
9.92326 


0.17101 


9.92318 
9.92310 
9.92302 
9.92293 
9.92285 


9.92277 
9.92269 
9.92260 
9.92252 
9.92244 


9.92235 
9.92227 
9.92219 
9.92211 
9.92202 


9.92194 
9.92186 
9.92177 
9.92169 
9.92161 


9.92152 
9.92144 
9.92136 
9.92127 
9.92119 


9.92111 
9.92102 
9.92094 
9.92086 
9.92077 


9.92069 
9.92060 
9.92052 
9.92044 
9.92035 


9.920-27 
9.92018 
9.92010 
9.92002 
9.91993 


9.91985 
9.91976 
9.91968 
9.91959 
9.91951 


9.91942 
9.91934 
9.91925 
9.91917 
9.91908 


9.91900 
9.91891 
9.91883 
9.91874 
9.91866 


9.91857 


d. 


iL.Tang.  L.  Sin. 


8 
8 
8 
9 
8 

8 
8 
9 
8 
8 

8 
9 
8 
8 
9 

8 
8 
8 
9 
8 

8 
9 
8 
8 
9 

8 
8 
9 
8 
8 

9 

8 
8 
9 
8 

9 
8 
8 
9 
8 

9 
8 
8 
9 
8 

9 
8 
9 
8 
9 

8 
9 
8 
9 
8 

9 

8 
9 
8 
9 


d. 


60 
69 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


85 
34 
83 
82 
81 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 

8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


28 

6 

2.8 

7 

8.8 

8 

3.7 

9 

4.2 

10 

4.7 

20 

9.3 

30 

14.0 

40 

18.7 

50 

23.3 

27 

2.7 

3.2 

3.6 

4.1 

4.5 

9.0 

13.5 

18.0 

22.6 


6 
7 

8 
9 
10 
20 
30 
40 
50 


6 

7 

8 

9 

10 

20 

SO 

40 

50 


6 

7 

8 

9 

10 

20 

30 

40 

50 


20 

2.0 

2.8 

2.7 

8.0 

8.8 

6.7 

10.0 

13.3 

16.7 


19 

1.9 
2.2 
2.5 
2.9 
3.2 
6.8 
9.5 
12.7 
15.8 


18 

1.8 
2.1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
15.0 


9 

6 

0.9 

7 

1.1 

8 

1.2 

9 

1.4 

10 

1.5 

20 

3.0 

80 

4.5 

40 

6.0 

50 

7.5 

8 

0.8 
0.9 
1.1 
1.2 
1.3 
2.7 
4.0 
5.3 
6.7 


P.P. 


56' 
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I 

I 
2 
} 

5 
6 
7 

8 
9 

0" 

1 

2 

3 

4 

5 
6 

7 
8 
19_ 

b 

>2 

24 

25 
26 
27 
28 
29 

\¥ 

31 
32 
33 
34 

;i5 

36 
37 
38 
39 

^0 
11 
42 
43 
44 

4,'> 
46 
47 
48 
49 

^0 
51 
62 
53 

54_ 

55 
56 
57 
58 
59 

SO 


L.  S!n. 

9.74756 
9.74775 
9.74794 
9.74812 
9.74831 

9.74850 
9.74868 
9.74887 
9.74906 
9.74924 

9.74943 
9.74961 
9.74980 
9.74999 
9.76017 

9.75036 
9.75054 
9.75073 
9.75091 
9.75110 

9^75128 
9.75147 
9.75165 
9.75184 
9.75202 

9.75221 
9.75239 
9.75258 
9.75276 
9.75294 


9.75313 
9.75331 
9.75350 
9.75368 
9.75386 

9.75405 
9.75423 
9.75441 
9.7M59 
9.75478 

9.75496 
9.75514 
9.75533 
9.75551 
9.75569 

9.75587 
9.756a5 
9.75624 
9.75642 
9.75660 

9.75678 
9.75696 
9.75714 
9.75733 
9.75751 

9.75769 
9.75787 
9.75805 
9.75823 
9.75S41 


9.75S">9 
L.COS, 


9 
9 
18 
9 
9 

18 
9 
9 
8 
9 

8 
9 
9 
8 
9 

18 
9 
8 
9 
8 

9 
8 
9 
8 
9 

8 
9 
8 
8 
9 

8 
9 
8 
8 
9 

8 
8 
8 
9 
8 

8 
9 
8 
8 
8 

8 
9 
8 
8 
8 

8 
8 
9 
8 
8 

8 
8 
8 
8 
8 


L.T^ng. 

9.82899 
9.82926 
9.82953 
9.82980 
9.83008 

^.83035 
9.83062 
9.83089 
9.83117 
9.83144 

9.83171 
9.83198 
9.83225 
9.83252 
^.83280^ 

9.83307 
9.83334 
9.83361 
9.83388 

9.83442 
9.83470 
9.83497 
9.83524 
^.^51^ 

9.83578 
9.83605 
9.83632 
9.83659 
9.83686^ 

9.83713 
9.83740 
9.83768 
9.83795 
9.83822 


9.83849 
9.83876 
9.83903 
9.83930 
9.83957 


9.83984 
9.84011 
9.84038 
9.84065 
9.84092 

9.84119 
9.84146 
9.84173 
9.81200 
9.84*227 

9.84254 
9.84280 
9.84307 
9.84;«4 
^.84361_ 

9.84388 
9.81415 
9.84442 
9.84469 
9.84496 

9.84523 

L,  CoUf..  d.  c. 


d.  c. 

27 
27 
27 
28 
27 

27 
27 
28 
27 

27 

27 
27 
27 
28 
27 

27 
27 
27 
27 
27 

28 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
28 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 

27 
27 

26 

27 
27 
27 
27 

27 
27 
27 

27 
27 


L^Cotg. 

OJTIOI 
0.17074 
0.17047 
0.17020 
0.16992 

0.16965 
0.16938 
0.16911 
0.16883 
0.16856 


0.16829 
0.16802 
0.16775 
0.16748 
0.16720 


0.16693 
0.16666 
0.16639 
0.16612 
0.16585 


0.16558 
0.16530 
0.16503 
0.16476 
0.16449 


0.16422 
0.16395 
0.16368 
0.16341 
0.16314 

0.16287 
0.16260 
0.16232 
0.16-205 
0.16178 


0.16151 
0.16124 
0.16097 
0.1C070 
0.16043 


0.16016 
0.15989 
0.15962 
0.15935 
0^5908 

0.15881 
0.15854 
0.15827 
0.15800 
0.15773 

0.15746 
0.157-20 
0.15693 
0.15666 
J).U5(i39 

0.15(U2 
0.15585 
0.15558 
0.15531 
^15504_ 

0.15477 

L.tang. 


L.C08. 


9.91857 
9.91849 
9.91840 
9.91832 
9.91823 


9.91815 
9.91806 
9.91798 
9.91789 
9.91781 


9.91772 
9.91763 
9.91755 
9.91746 
9.91738 


9.91729 
9.91720 
9.91712 
9.91703 
9.91695 


9.91686 
9.91677 
9.91669 
9.91660 
9.91651 


9.91643 
9.91634 
9.91625 
9.91617 
9.91608 


9.91599 
9.91591 
9.91582 
9.91573 
9.91565 


9.91556 
9.91547 
9.91538 
9.91530 
9.91521 


9.91512 
9.91504 
9.91495 
9.91486 
9.914T7 


9.91469 
9.91460 
9.91451 
9.91442 
9.91433 


9.91425 
9.91416 
9.91407 
9.91398 
9.91389 


9.9i;«l 
9.91372 
9.91363 
9.91354 
9^91345 

9.913a6 

L.  Sin. 


8 
9 
8 
9 
8 

9 
8 
9 
8 
9 

9 
8 
9 
8 
9 

9 
8 
9 
8 
9 

9 
8 
9 
9 

8 

9 
9 
8 
9 
9 

8 
9 
9 
8 
9 

9 
9 
8 
9 
9 

8 
9 
9 
9 
8 

9 
9 
9 
9 
8 

9 
9 
9 
9 
8 

9 
9 
9 
9 
9 


d. 


60 
&9 
58 
57 
56 


55 
54 
63 
52 
51 


SO 
49 

48 
47 
46 


45 
44 
43 
42 
41 


40 

89 
88 
87 
86 


85 
84 
83 
82 
81 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 
8 

7 
6 


5 
4 

3 
2 
1 


P.P. 


28 

6 

2.8 

7 

8.3 

8 

3.7 

9 

4.2 

10 

4.7 

20 

9.3 

30 

14.0 

40 

18.7 

50 

23.3 

27 

2.7 

3.2 

3.6 

4.1 

4.5 

9.0 

13.5 

l&O 

22.5 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

9 

10 

20 

SO 

40 

50 


26 

2.6 

3.0 

3.5 

3.9 

4.3 

8.7 

13.0 

17.3 

21.7 


19 

1.9 
2.2 
2.5 
2.9 
3.2 
6.3 
9.5 
12.7 
15.8 


18 

1.8 
2,1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
15.0 


9 

8 

6 

0.9 

OR 

7 

1.1 

0.9 

8 

1.2 

la 

9 

1.4 

IS 

10 

1.5 

1.S 

20 

S.0 

2.7 

ao 

4.5 

4.0 

40 

6.0 

5.8 

50 

7.5 

6.7 

p.p. 


J 
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0 

1 

2 
3 

4 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 


30 

31 
32 
33 
34^ 

35 
36 
37 
38 
39 


40 

41 
42 
43 
44 

45 
46 

47 
48 
49 


50 

51 
52 
53 
b4 

55 
56 
57 
58 
59 

60 
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350 


627 


^ 


L.Sin. 


9.75859 
9.75877 
9.75895 
9.75913 
9.76931 


9.75949 
9.75967 
9.75985 
9.76003 
9.76021 


9.76039 
9.76057 
9.76075 
9.76093 
9.76111 


9.76129 
9.76146 
9.76164 
9.76182 
9.7620O 


9.76218 
9.76236 
9.76253 
9.76271 
9.76289 


9.76307 
9.76324 
9.76342 
9.76360 
9.76378 


9.76395 
9.76413 
9.76431 
9.76448 
9.76466 


9.76484 
9.76501 
9.76519 
9.76537 
9.76654 


9.76572 
9.76590 
9.76607 
9.76625 
9.76642 


9.76660 
9.76677 
9.76695 
9.76712 
9.76730 


9.76747 
9.76765 
9.76782 
9.76800 
9.76817 


9.76835 
9.76862 
9.76870 
9.76887 
9.70904 


9.76922 


L.  Cos. 


d. 


18 
18 
18 
18 
18 

18 

18 
18 
18 
18 

18 
18 
18 
18 
18 

17 
18 
18 
18 
18 

18 
17 
18 
18 
18 

17 
18 
18 
18 
17 

18 

18 
17 
18 
18 

17 
18 
18 
17 
18 

18 
17 
18 
17 
18 

17 
18 
17 
18 
17 

18 
17 
18 
17 
18 

17 
18 
17 
17 
18 


L.Tang. 


9.81523 
9.84550 
9.84576 
9.84603 
9.84630 


9.84657 
9.84684 
9.84711 
9.84738 
9.84764 


9.84791 
9.84818 
9.84845 
9.84872 
9.84899 


9.84925 
9.84952 
9.84979 
9.85006 
9.85033 


9.85059 
9.85086 
9.85113 
9.85140 
9.85166 


9.85193 
9.85220 
9.85247 
9.85273 
9.85300 


9.85327 
9.85354 
9.85380 
9.85407 
9.85434 


9.85460 
9.85487 
9.85514 
9.85540 
9.85567 


9.85594 
9.85620 
9.85647 
9.85674 
9^85700 

9.85727 
9.85754 
9.85780 
9.85807 
9^85834 

9.85860" 
9.85887 
9.85913 
9.a5940 
9.85967 


9.85993 
9.86020 
9.86046 
9.86073 
9.86100 


9.86126 


L.  Cotg. 


d.  c. 


27 
26 
27 
27 
27 

27 
27 
27 
26 
27 

27 
27 
27 
27 
26 

27 
27 
27 
27 
26 

27 
27 
27 
26 

27 

27 
27 
26 
27 

27 

27 
26 
27 
27 
26 

27 
27 
26 
27 

27 

26 
27 
27 
26 

27 

27 
26 
27 
27 
26 

27 
26 
27 
27 
26 

27 
26 
27 
27 
26 


L.  Cotg, 


d.  c. 


0.15477 
0.15450 
0.15424 
0.15397 
0.15370 


0.15343 
0.15316 
0.15289 
0.15262 
0.15236 


0.15209 
0.15182 
0.16155 
0.15128 
0.15101 


0.15075 
0.15048 
0.15021 
0.14994 
0.14967 


0.14941 
0.14914 
0.14887 
0.14860 
0.14834 


L.  Cos. 


9.91336 
9.91328 
9.91319 
9.91310 
9.91301_ 

'9.91292 
9.91283 
9.91274 
9.91266 
9.91257 


0.14807 
0.14780 
0.14753 
0.14727 
0.14700 


0.14673 
0.14646 
0.14620 
0.14593 
0.14566 


0.14540 
0.14513 
0.14486 
0.14460 
0.14433 


0.14406 
0.14380 
0.14353 
0.14326 
0.14300 


0.14273 
0.14246 
0.14220 
0.14193 
0.14166 


0.14140 
0.14113 
0.14087 
0.14060 
0.14033 


0.14007 
0.13980 
0.13954 
0.13927 
0.13900 


0.13874 


L.Tang. 


9.91248 
9.91239 
9.91230 
9.91221 
9.91212 

9.91203 
9.91194 
9.91186 
9.91176 
9.91167 

9.91158 
9.91149 
9.91141 
9.91132 
9.91123 


9.91114 
9.91105 
9.91096 
9.91087 
9.91078 


9.91069 
9.91060 
9.91051 
9.91042 
9.91033 


9.91023 
9.91014 
9.91005 
9.90996 
9.90987 


9.90978 
9.90969 
9.90960 
9.90951 
9.90942 


9.90933 
9.90924 
9.90915 
9.90906 
9^90896 

9.90887 
9.90878 
9.90869 
9.90860 
9.90851 


9.90842 
9.90832 
9.90823 
9.90814 
9.90805 

9.90796 


L.  Sin. 


d. 


8 
9 
9 
9 
9 

9 
9 
8 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
8 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
10 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
10 
9 

9 
9 
9 
9 
9 

10 
9 
9 
9 
9 


80 
69 

68 
67 
66 


55 
54 
63 
62 
51 

50 

49 
48 
47 
46 


45 
44 
43 

42 
41 

40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


P.P. 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 

10 

9 
8 
7 
6 


5 
4 
3 
2 
J_ 

0 


n 

26 

6 

2.7 

2.6 

7 

3.2 

3.0 

8 

8.6 

3.5 

9 

4.1 

8.9 

10 

4.5 

4.3 

20 

9.0 

8.7 

30 

13.5 

13.0 

40 

18.0 

17.3 

60 

22.5 

21.7 

6 

7 
8 
9 
10 
20 
30 
40 
60 


6 

7 

8 

9 

10 

20 

30 

40 

60 


6 

7 

8 

9 

10 

20 

30 

40 

60 


18 

1.8 
2.1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
16.0 


17 

1.7 
2.0 
2.3 
2.6 
2.8 
5.7 
8.5 
11.3 
14.2 


10 
1.0 

1.2 
1.3 
1.5 
1.7 
3.3 
5.0 
6.7 
8.3 


9 

6 

0.9 

7 

1.1 

8 

1.2 

9 

1.4 

10 

1.5 

20 

3.0 

30 

4.5 

40 

6.0 

50 

7.5 

8 

0.8 
0.9 
1.1 
1.2 
1.3 
2.7 
4.0 
5.3 
6.7 


P.P. 
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36° 


0 
1 
2 
8 
_4 

5 
6 
7 
8 
_» 

10 

11 
12 
13 

ii 
16 
16 
17 
18 

ii. 

20 

21 

22 

23 

2i_ 

25 
26 
27 
28 
29^ 

30 

31 
32 
33 
U^ 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
62 
63 

54 

55 
56 
57 
58 
59 

60 


L-Sin. 


9.76922 
9.76939 
9.76957 
9.76974 
9.76991 


9.77009 
9.77026 
9.77043 
9.77061 
9.77078 


9.77095 
9.77112 
9.77130 
9.77147 
9.77164 


9.77181 
9.77199 
9.77216 
9.77233 
9.77250 


9.77268 
9.77285 
9.77302 
9.77319 
9.77336 


9.77353 
9.77370 
9.77387 
9.77405 
9.77422 


9.77439 
9.77456 
9.77478 
9.77490 
9.77507 


9.77524 
9.77541 
9.77558 
9.77575 
9.77592 


9.77609 
9.77626 
9.77643 
9.77660 
9.77677 


9.77694 
9.77711 
9.77728 
9.77744 
9.77761 


9.77778 
9.77795 
9.77812 
9.77829 
9.77846 


9.77862 
9.77879 
9.778% 
9.77913 
9.77930 


9.77W6 


17 
18 
17 
17 
18 

17 
17 
18 
17 
17 

17 
18 
17 
17 
17 

18 
17 
17 
17 
18 

17 
17 
17 
17 
17 

17 
17 
18 
17 
17 

17 

17 
17 
17 
17 

17 
17 
17 
17 
17 

17 
17 
17 
17 
17 

17 
17 
16 

17 
17 

17 
17 
17 
17 
16 

17 
17 
17 
17 
16 


L.  Ck)8.   d.  L.  Cotg 


L.Tang. 


9.86126 
9.86153 
9.86179 
9.86206 
9.86232 


9.86259 
9.86285 
9.86312 
9.86338 
9.86365 


9.86392 
9.86418 
9.86445 
9.86471 
9.86498 


9.86524 
9.86551 
9.86577 
9.86603 
9.86630 


9.86656 
9.86683 
9.86709 
9.86736 
9.86762 


9.86789 
9.86815 
9.86842 
9.86868 
9.86894 


9.86921 
9.86947 
9.86974 
9.87000 
9.87027 


9.87053 
9.87079 
9.87106 
9.87132 
9.87158 


9.87185 
9.87211 
9.87238 
9.87264 
9.87290 


9.87317 
9.87343 
9.87369 
9.873% 
9.87422 


9.87448 
9.87475 
9.87501 
9.87527 
9.87554 


9.87580 
9.876% 
9.87633 
9.87659 
9.87685 


9.87711 


d.  c. 


27 
26 
27 
26 
27 

26 
27 
26 
27 
27 

26 
27 
26 
27 
26 

27 
26 
26 
27 
26 

27 
26 
27 
26 
27 

26 
27 
26 
26 
27 

26 
27 
26 
27 
26 

26 

27 
26 
26 
27 

26 
27 
26 
26 
27 

26 
26 
27 
26 
26 

27 
26 
26 
27 
26 

26 
27 
26 
26 
26 


L.  Cotg. 


0.13874 
0.13847 
0.13821 
0.13794 
0.13768 


0.13741 
0.13715 
0.13688 
0.13662 
0.13635 


0.13608 
0.13582 
0.13555 
0.13629 
0.13502 


0.13476 
0.13449 
0.13423 
0.13397 
0.13370 


0.13344 
0.13317 
0.13-291 
0.13264 
0.13238 


0.13211 
0.13185 
0.13158 
0.13132 
0.131% 


0.13079 
0.13063 
0.13026 
0.13000 
0.12973 


0.12947 
0.12921 
0.12894 
0.12868 
0.12842 


0.12815 
0.12789 
0.12762 
0.12736 
0.12710 


0.12683 
0.12657 
0.12631 
0.12604 
0.12578 


0.12552 
0.12525 
0.12499 
0.12473 
0.12446 


0.12420 
0.12394 
0.12367 
0.12341 
0.12315 


0.12289 


d.  c.  L.Tang. 


L.  Cos.    d. 


9.907% 
9.90787 
9.90777 
9.90768 
9.90759 


9.90750 
9.90741 
9.90731 
9.90722 
9.90713 


9.90704 
9.9%94 
9.90686 
9.9%76 
9.90667 


9.90657 
9.90648 
9.90639 
9.90630 
9.9%20 


9.9%11 
9.90602 
9.90592 
9.90583 
9.90574 


9.90566 
9.90556 
9.90546 
9.90537 
9.90527 


9.90518 
9.90509 
9.90499 
9.90490 
9.90480 


9.90471 
9.90462 
9.90452 
9.90443 
9.90434 


9.90424 
9.90416 
9.90406 
9.903% 
9.90886 


9.90377 
9.90868 
9.90358 
9.90349 
9.90339 


9.90330 
9.90320 
9.90311 
9.90301 
9.90292 


9.90282 
9.90273 
9.90263 
9.90254 
9.90244 


9.90235 


L.Sin 


9 
10 
9 
9 
9 

9 
10 
9 
9 
9 

10 
9 
9 
9 

10 

9 
9 
9 
10 
9 

9 
10 
9 
9 
9 

10 
9 
9 

10 
9 

9 
10 

9 
10 

9 

9 

10 

9 

9 

10 

9 
10 

9 
10 

9 

9 
10 

9 
10 

9 

10 
9 

10 
9 

10 

9 

10 
9 

10 
9 


d. 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

89 
88 
37 
36 


85 
84 
33 
82 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


27 

26 

6 

2.7 

2.6 

7 

3.2 

3.0 

8 

3.6 

3.5 

9 

4.1 

8.9 

10 

4.6 

4.3 

20 

9.0 

8.7 

30 

13.6 

IS.O 

40 

18.0 

17.3 

60 

22.5 

21.7 

6 

7 

8 

9 

10 

20 

30 

40 

60 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


18 

1.8 
2.1 
2.4 
2.7 
3.0 
6.0 
9.0 
12.0 
16.0 


17 

1.7 
2.0 
2.3 
2.6 
2.8 
5.7 
8.6 
11.3 
14.2 


16 

1.6 
1.9 
2.1 
2.4 
2.7 
5.3 
8.0 

ia7 

18.8 


ID 

6 

1.0 

7 

1.2 

8 

1.3 

9 

1.6 

10 

1.7 

20 

8.8 

80 

5.0 

40 

6.7 

60 

8.8 

• 

0.9 
1.1 
1.2 
1.4 
1.5 
3.0 
4.5 
6.0 
7.5 


P.P. 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 

370 


629 


0 

1 
2 
3 
4 


5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 


25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
63 
54 

65 
56 
67 
58 
59 

60 


L.Sln. 


9.77946 
9.77963 
9.77980 
9.T7997 
9.78013 


9.78030 
9.78047 
9.78063 
9.78080 
9.78097 


9.78113 
9.78130 
9.78147 
9.78163 
9.78180 


9.78197 
9.78213 
9.78230 
9.78246 
9.78263 


9.78280 
9.78296 
9.78313 
9.78329 
9.78346 


9.78362 
9.78379 
9.78395 
9.78412 
9.78428 


9.78445 
9.78461 
9.78478 
9.78494 
9.78510 


9.78527 
9.78543 
9.78560 
9.78576 
9.78592 


9.78609 
9.78625 
9.78642 
9.78658 
9.78674 


9.78691 
9.78707 
9.78723 
9.78739 
9.78756 


9.78772 
9.78788 
9.78805 
9.78821 
9.78837 


9.78853 
9.78869 
9.78886 
9.78902 
9.78918 


d. 


9.78934 
L.  Cos. 


17 
17 
17 
16 
17 

17 
16 
17 
17 
16 

17 
17 
16 
17 
17 

16 
17 
16 
17 
17 

16 
17 
16 
17 
16 

17 
16 
37 
16 
17 

16 
17 
16 
16 
17 

16 
17 
16 
16 
17 

16 
17 
16 
16 
17 

16 
16 
16 
17 
16 

16 
17 
16 
16 
16 

16 
17 
16 
16 
16 


L.Tang. 


9.87711 
9.87738 
9.87764 
9.87790 
9.87817 


9.87843 
9.87869 
9.87895 
9.87922 
9.87948 


9.87974 
9.88000 
9.88027 
9.88053 
9.88079 


9.88106 
9.88131 
9.88158 
9.88184 
9.88210 


9.88236 
9.88262 
9.88289 
9.88315 
9.88341 


9.88367 
9.88393 
9.88420 
9.88446 
9.88472 


9.88498 
9.88524 
9.88550 
9.88577 
9.88603 


9.88629 
9.88655 
9.88681 
9.88707 
9.88733 


9.88759 
9.88786 
9.88812 
9.88838 
9.88864 


9.88890 
9.88916 
9.88942 
9.88968 
9.88994 


9.89020 
9.89046 
9.89073 
9.89099 
9.89125 


9.89151 
9.89177 
9.89203 
9.89229 
9.89255 


d.  c. 


9.89281 
L.  C!otg. 


27 
26 
26 
27 
26 

26 
26 
27 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
26 
27 
26 
26 

26 
26 
26 
26 
26 

27 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
27 
26 
26 
26 

26 
26 
26 
26 
26 

d.  c. 


L.  Cotg. 


0.12289 
0.12262 
0.12236 
0.12210 
0.12183 


0.12157 
0.12131 
0.12106 
0.12078 
0.12052 


0.12026 
0.12000 
0.11973 
0.11947 
0.11921 


0.11895 
0.11869 
0.11842 
0.11816 
0.11790 


0.11764 
0.11738 
0.11711 
0.11685 
0.11659 


0.11633 
0.11607 
0.11580 
0.11554 
0.11528 


0.11502 
0.11476 
0.11450 
0.11423 
0.11397 


0.11371 
0.11345 
0.11319 
0.11293 
0.11267 


0.11241 
0.11214 
0.11188 
0.11162 
0.11136 


0.11110 
0.11084 
0.11058 
0.11032 
0.11006 


0.10980 
0.10954 
0.10927 
0.10901 
0.10875 


0.10849 
0.10823 
0.10797 
0.10771 
0.10745 


L.  Cos. 


0.10719 
L.Tang. 

52*» 


9.90235 
9.90225 
9.90216 
9.90206 
9.90197 


9.90187 
9.90178 
9.90168 
9.90159 
9.90149 


9.90139 
9.90130 
9.90120 
9.90111 
9.90101 


9.90091 
9.90082 
9.90072 
9.90063 
9.90053 


9.90043 
9.90034 
9.90024 
9.90014 
9.90005 


9.89995 
9.89985 
9.89976 
9.89966 
9.89956 


9.89947 
9.89937 
9.89927 
9.89918 
9.89908 


9.89898 
9.89888 
9.89879 
9.89869 
9.89859 


9.89849 
9.89840 
9.89830 
9.89820 
9.89810 


9.89801 
9.89791 
9.89781 
9.89771 
9.89761 


9.89752 
9.89742 
9.89732 
9.89722 
9.89712 


9.89702 
9.89693 
9.89683 
9.89673 
9.89663 


d. 


9.89653 
L.  Sin. 


10 

9 
10 

9 
10 

9 
10 

9 
10 
10 

9 
10 

9 
10 
10 

9 
10 

9 
10 
10 

9 
10 
10 

9 
10 

10 

9 

10 

10 

9 

10 
10 
9 
10 
10 

10 
9 
10 
10 
10 

9 
10 
10 
10 

9 

10 
10 
10 
10 
9 

10 
10 
10 
10 
10 

9 
10 
10 
10 
10 


60 

69 
58 
57 
56 


55 
54 
63 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21i_ 

20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 

2 
1 


P.P. 


6 

7 
8 
9 
10 
20 
SO 
40 
50 


6 

7 

8 

9 

10 

20 

30 

40 

60 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 
8 
9 
10 
20 
30 
40 
50 


27 

2.7 

3.2 

3.6 

4.1 

4.5 

9.0 

13.5 

18.0 

22.5 


26 

2.6 

3.0 

3.5 

3.9 

4.3 

8.7 

13U) 

17.8 

21.7 


17 

1.7 
2.0 
2.3 
2.6 
2.8 
5.7 
8.5 
11.3 
14.2 


16 

1.6 
1.9 
2.1 
2.4 

2.7 

5.3 

8.0 

10.7 

13.3 


10 

6 

1.0 

7 

1.2 

8 

1.3 

9 

1.5 

10 

1.7 

20 

3.3 

80 

6.0 

40 

6.7 

60 

8.3 

9 

0.9 
1.1 
1.2 
1.4 
1.5 
3.0 
4.5 
6.0 
7.5 


P.P. 


30 


0 

1 

2 
3 

_4^ 

5 
6 

7 
8 
9 

10 

11 
12 
13 

ii 
15 
16 
17 
18 
19 

20 

21 
22 
23 
24^ 

25 
26 
27 
28 
29 

30 

31 
32 
33 

35 
36 
37 
38 
29^ 

40 

41 
42 
43 
44 

45 
46 

47 
48 
49 

50 

51 
52 
53 
54^ 

55 
56 
57 
58 
^9 

60 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIOIfS, 

38° 


L.  Sin. 


9.78934 
9.78950 
9.78%7 
9.78983 
9.78999 


9.79015 
9.79031 
9.79047 
9.79063 
9.79079 


9.79095 
9.79111 
9.79128 
9.79144 
9.79160 


9.79176 
9.79192 
9.79208 
9.79224 
9.79240 


9.79256 
9.79272 
9.79288 
9.79304 
9.79319 


9.79335 
9.79351 
9.79367 
9.79383 
9.79399 


9.79415 
9.79431 
9.79447 
9.79463 
9.79478 


9.79494 
9.79510 
9.79526 
9.79542 
9.79558 


9.79573 
9.79589 
9.79605 
9.79621 
9.79636 


9.79652 
9.79668 
9.79684 
9.79699 
9.79715 


9.79731 
9.79746 
9.79762 
9.79778 
9.79793 


9.79809 
9.79825 
9.79840 
9.79856 
9.79872 


9.79887 
L.  Cos. 


d. 


16 
17 
16 
16 
16 

16 
16 
16 
16 
16 

16 
17 
16 
16 
16 

16 
16 
16 
16 
16 

16 
16 
16 
15 
16 

16 
16 
16 
16 
16 

16 
16 
16 
15 
16 

16 
16 
16 
16 
15 

16 
16 
16 
15 
16 

16 
16 
15 
16 
16 

15 
16 
16 
15 
16 

16 
15 
16 
16 
15 

"dT 


L.Tang. 


9.89281 
9.89307 
9.89333 
9.89859 
9.89385 


9.89411 
9.89437 
9.89463 
9.89489 
9.89515 


9.89541 
9.89567 
9.89593 
9.89619 
9.89645 


9.89671 
9.89697 
9.89723 
9.89749 
9.89775 


9.89801 
9.89827 
".o9o5o 
9.89879 
9.89905 


9.89931 
9.89957 
9.89983 
9.90009 
9.90035 


9.90061 
9.90086 
9.90112 
9.90138 
9.90164 


9.90190 
9.90216 
9.90242 
9.90268 
9.90294 


9.90320 
9.90346 
9.90371 
9.90397 
9.90423 


9.90449 
9.90475 
9.90501 
9.90527 
9.90553 


9.90578 
9.90604 
9.90630 
9.90656 
9.90682 


9.90708 
9.90734 
9.90759 
9.90785 
9.90811 


9.90837 
L.  Cotg. 


d.C. 


26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

25 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
25 
26 
26 
26 

26 
26 
26 
26 
25 

26 
26 
26 
26 
26 

26 
25 
26 
26 
26 

d.C. 


L.  Cotg. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 
0. 
0. 


0. 
0. 
0. 


0719 
0693 
0667 
0641 
0616 


0589 
0563 
0537 
0511 
0485 


0459 
0433 
0407 
0381 
0355 


0329 
0303 
0277 
0251 
0225 


0199 
0173 
0147 
0121 
0095 


0069 
0043 
0017 


0.09991 
0.09965 


0.09939 
0.09914 
0.09888 
0.09862 
0.09836 


0.09810 
0.09784 
0.09758 
0.09732 
0.09706 


0.09680 
0.09654 
0.09629 
0.09603 
0.09577 


0.09551 
0.09525 
0.09499 
0.09473 
0.09447 


0.09422 
0.09396 
0.09370 
0.09344 
0.09318 


0.09292 
0.09266 
0.09241 
0.09215 
0.09189 


0.09163 
L.Tang. 

6|o 


L.  Cos.  d. 


9.89653 
9.89643 
9.89633 
9.89624 
9.8%14 


9.89604 
9.89594 
9.89584 
9.89574 
9.89564 


9.89554 
9.89544 
9.89534 
9.89524 
9.89514 


9.89504 
9.89495 
9.89485 
9.89475 
9.89465 


9.89455 
9.89445 
9.89435 
9.89425 
9.89415 


9.89405 
9.89395 
9.89385 
9.89375 
9.89364 


10 
10 
9 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

9 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
11 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 

11 

10 
10 
10 

10 
10 
10 

11 

10 

10 
10 
10 
10 

11 

10 
10 
10 

11 

9.89050  ^^ 
L.  Sin.  d. 


9.89354 
9.89344 
9.89334 
9.89324 
9.89314 


9.89304 
9.89294 
9.89284 
9.89274 
9.89264 


9.89254 
9.89244 
9.89233 
9.89223 
9.89213 


9.89203 
9.89193 
9.89183 
9.89173 
9.89162 


9.89152 
9.89142 
9.89132 
9.89122 
9.89112 


9.89101 
9.89091 
9.89081 
9.89071 
9.89060 


60 

59 
58 
57 
56 


55 
54 
53 
52 
51 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
U 
13 
12 
11 


10 
9 
8 
7 
6 


I 

t 
t 

I 


P.P. 


26 

6 

2.6 

7 

3.0 

8 

3.5 

9 

3.9 

10 

4.3 

20 

8.7 

30 

13.0 

40 

17.3 

50 

21.7 

25 

2.5 
2.9 
3.8 
3.8 
4.2 
8.8 

16.V 
20.8 


6 

7 

8 

9 

10 

20 

SO 

40 

50 


17 

1.7 
2.0 
2.3 
2.6 
2.8 
5.7 
8.5 
11.3 
14.2 


16 

6 

1.6 

7 

1.9 

8 

2.1 

9 

2.4 

10 

2.7 

20 

5.3 

30 

8.0 

40 

10.7 

50 

13.3 

IS 

1.5 
1.8 
2.0 
2.3 
2.5 
5.0 
7.5 
10.0 
12.5 


6 

7 

8 

9 

10 

20 

80 

40 

50 


II 

1.1 
1.3 
1.5 
1.7 
1.8 
3.7 
5.5 
7.3 
9.2 


10 

6 

1.0 

7 

1.2 

8 

1.8 

9 

1.5 

10 

1.7 

20 

8.8 

30 

5.0 

40 

6.7 

M> 

8.8 

9 

0.9 
1.1 
1.2 
1.4 
1.5 
3.0 
4^ 
6.0 
7-5 


pjp: 


0 

1 

2 
8 

4 


5 
6 
7 
8 
9 

10 

11 
12 
13 

it 
15 
16 
17 
18 
19 

20 

21 
22 
28 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34^ 

35 
36 
37 
38 
39 

40 
41 
42 
43 

it 
45 

46 
47 
48 
49 


50 

51 
52 
53 

5£ 

55 
.56 
57 
58 
59 

60 


LOGABITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 

390 


531 


1 


LuSin. 


9.79887 
9.79908 
9.79918 
9.79934 
9.79950 


9.79966 
9.79981 
9.79996 
9.80012 
9.80027 


9.80043 
9.80058 
9.80074 
9.80089 
9.80105 


9.80120 
9.80136 
9.80151 
9^166 
9.80182 


9.80197 
9.80213 
9.80228 
9.80244 
9.80259 


9.80274 
9.80290 
9.80805 
9.80320 
9.80336 


9.80351 
9.80366 
9.80882 
9.80397 
9.80412 


9.80428 
9.80443 
9.80458 
9.80473 
9.80489 


9.80504 
9.80519 
9.80534 
9.80550 
9.80565 


9.80580 
9.80595 
9.80610 
9.80625 
9.80641 


9.80656 
9.80671 
9.80686 
9.80701 
9.80716 


9.80731 
9.80746 
9.80762 
9.80777 
9.80792 


9.80807 


L.  Cos. 


d. 


16 
15 
16 
16 
15 

16 
15 
16 
15 
16 

15 
16 
15 
16 
15 

16 
15 
15 
16 
15 

16 
15 
16 
15 
15 

16 
15 
15 
16 
15 

15 
16 
15 
15 
16 

15 
15 
15 
16 
15 

15 
15 
16 
15 
15 

15 
15 
15 
16 
15 

15 
15 
15 
15 
15 

15 
16 
15 
15 
15 


uos. 


d. 


L.Taiig. 


9.90837 
9.90863 
9.90889 
9.90914 
9.90940 


9.90966 
9.9099^ 
9.91018 
9.91043 
9.91069 


9.91095 
9.91121 
9.91147 
9.91172 
9.91198 


9.91224 
9.91250 
9.91276 
9.91801 
9.91327 


9.91353 
9.91379 
9.91404 
9.91430 
9.91456 


9.91482 
9.91507 
9.91533 
9.91559 
9.91585 


9.91610 
9.91636 
9.91662 
9.91688 
9.91713 


9.91739 
9.91765 
9.91791 
9.91816 
9.91842 


9.91868 
9.91893 
9.91919 
9.91945 
9.91971 


9.91996 
9.92022 
9.92048 
9.92073 
9.92099 

9.92125 
9.92150 
9.92176 
9.92202 
9.92227 


9.92253 
9.92279 
9.92304 
9.92330 
9.92356 


9.92381 


L.  Cotg. 


d.  c. 


26 
26 
25 
26 
26 

26 
26 
25 
26 
26 

26 
26 
25 
26 
26 

26 
26 
25 
26 
26 

26 
25 
26 
26 
26 

25 
26 
26 
26 
25 

26 
26 
26 
25 
26 

26 
26 
25 
26 
26 

25 
26 
26 
26 
25 

26 
26 
25 
26 
26 

25 
26 
26 
25 
26 

26 
25 
26 
26 
25 


L.  Cotg.  I  L.  Cos. 


0.09163 
0.09137 
0.09111 
0.09086 
0.09060 


0.09034 
0.09008 
0.06982 
0.08957 
0.08931 


0.08905 
0.08879 
0.08853 
0.08828 
0.08802 


0.08776 
0.08750 
0.06724 
0.08699 
0.08673 


0.08647 
0.08621 
0.08596 
0.08570 
0.08544 


0.08518 
0.08493 
0.08467 
0.06441 
0.06415 


0.06390 
0.08364 
0.08338 
0.08312 
0.08287 

0.08261 
0.08235 
0.06209 
0.06184 
0.08158 


0.08132 
0.08107 
0.08061 
0.08055 
0.08029 


0.08004 
0.07978 
0.07952 
0.07927 
0.07901 


0.07875 
0.07850 
0.07824 
0.07798 
0.07T73 


0.07747 
0.07721 
0.07696 
0.07670 
0.07644 


0.07619 


d.  c.  L.Tang. 
50° 


9.89050 
9.89040 
9.89030 
9.89020 
9.89009 


9.88999 
9.88989 
9.88978 
9.88968 
9.88958 

9.88948 
9.88937 
9.88927 
9.88917 
9.88906 

9.88896 
9.88886 
9.88875 
9.88865 
9.88855 


9.88844 
9.88834 
9.88824 
9.88813 
9.88803 


9.88793 
9.88782 
9.88772 
9.88761 
9.88751 


9.88741 
9.88730 
9.88720 
9.88709 
9.88699 


9.88688 
9.88678 
9.88668 
9.88657 
9.88647 


9.88636 
9.88626 
9.88615 
9.88605 
9.88594 


9.88584 
9.88573 
9.88563 
9.88552 
9.88542 


9.88531 
9.88521 
9.88510 
9.88499 
9.88489 


9.88478 
9.88468 
9.88457 
9.88447 
9.88436 


9.88425 


L.  Sin. 


d. 


0 
0 
0 
1 
0 

0 
1 
0 
0 
0 

1 

0 
0 

1 

0 
0 

1 

0 
0 

11 

0 
0 

1 

0 


d. 


60 

59 
58 
57 

^ 

55 

54 

53 

52 

51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 
8 
7 
6 


5 
4 
3 
2 
J_ 

0 


P.P. 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 
7 
8 
9 

10 
20 
80 
40 
50 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


26 

2.6 

3.0 

3.5 

3.9 

4.3 

8.7 

13.0 

17.8 

21.7 


25 

2.5 

2.9 

3.3 

3.8 

4.2 

8.3 

12.5 

16.7 

20.8 


16 

1.6 
1.9 
2.1 
2.4 
2.7 
5.3 
8.0 
10.7 
13.3 


15 

1.5 
1.8 
2.0 
2.8 
2.5 
5.0 
7.5 
10.0 
12.5 


II 

6 

1.1 

7 

1.3 

8 

1.5 

9 

1.7 

10 

1.8 

20 

3.7 

30 

5.5 

40 

7.3 

50 

9.2 

10 

1.0 
1.2 
1.3 
1.5 
1.7 
3.3 
5.0 
6.7 
8.3 


P.P. 


r 


532 
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AQP 


L.Sin. 


0 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 


9.80807 
9.80822 
9.80837 
9.80852 
9.80867 


25 
26 
27 
28 
29 


40 

41 
42 
43 

44 


45 
46 

47 
48 
49 


50 

51 
52 
53 
54 


55 
56 
57 
58 
_59^ 

60 


9.80882 
9.80897 
9.80912 
9.80927 
9.80942 


9.80957 
9.80972 
9.80987 
9.81002 
9.81017 


9.81032 
9.81047 
9.81061 
9.81076 
9.81091 


9.81106 
9.81121 
9.81136 
9.81151 
9.81166 


9.81180 
9.81195 
9.81210 
9.81225 
9.81240 


9.81254 
9.81269 
9.81284 
9.81299 
9.81314 


9.81328 
9.81343 
9.81358 
9.81372 
9.81387 


9.81402 
9.81417 
9.81431 
9.81446 
9.81461 


9.81475 
9.81490 
9.81505 
9.81519 
9.81534 


9.81549 
9.81563 
9.81578 
9.81592 
9.81607 


9.81622 
9.81636 
9.81651 
9.81665 
9.81680 


9.81694 
L.C08. 


d. 


L.Tang. 


9.92381 
9.92407 
9.92433 
9.92458 
9.92484 


9.92510 
9.92535 
9.92561 
9.92587 
9.92612 


9.92638 
9.92663 
9.92689 
9.92715 
9.92740 


9.92766 
9.92792 
9.92817 
9.92843 
9.92868 


9.92894 
9.92920 
9.92945 
9.92971 
9.92996 


9.93022 
9.93048 
9.93073 
9.93099 
9.93124 


15 
15 
15 
15 
15 

15 
15 
15 
15 
15 

15 
15 
15 
15 
15 

15 
14 
15 
15 
15 

15 
15 
15 
15 
14 

15 
15 
15 
15 
14 

15 
15 
15 
15 
14 

15 
15 
14 
15 
15 

15 
14 
15 
15 
14 

15 
15 
14 
15 
15 

14 
15 
14 
15 
15 

14 
15 
14 
15 

^^   9.93916 
d.  Li.  Cotg. 


9.93150 
9.93175 
9.93201 
9.93227 
9.93252 


9.93278 
9.93303 
9.93329 
9.93354 
9.93380 


9.93406 
9.93431 
9.93457 
9.93482 
9.93508 


9.93533 
9.93559 
9.93584 
9.93610 
9.93636 


9.93661 
9.93687 
9.93712 
9.93738 
9.93763 


9.93789 
9.93814 
9.93840 
9.93865 
9.93891 


d.  c. 


26 
26 
25 
26 
26 

25 
26 
26 
25 
26 

25 
26 
26 
25 
26 

26 
25 
26 
25 
26 

26 
25 
26 
25 
26 

26 
25 
26 
25 
26 

25 
26 
26 
25 
26 

25 
26 
25 
26 
26 

25 
26 
25 
26 
25 

26 
25 
26 
26 
25 

26 
25 
26 
25 
26 

25 
26 
25 
26 
25 

d.  c. 


L.  Cotg. 


0.07619 
0.07593 
0.07567 
0.07642 
0.07616 


0.07490 
0.07466 
0.07439 
0.07413 
0.07388 


0.07362 
0.07337 
0.07311 
0.07285 
0.07260 


0.07234 
0.07208 
0.07183 
0.07167 
0.07132 


0.07106 
0.07080 
0.07055 
0.07029 
0.07004 


0.06978 
0.06952 
0.06927 
0.06901 
0.06876 


0.06850 
0.06825 
0.06799 
0.06773 
0.06748 


0.06722 
0.06697 
0.06671 
0.06646 
0.06620 


0.06594 
0.06569 
0.06643 
0.06518 
0.06492 


0.06467 
0.06441 
0.06416 
0.06390 
0.06364 


0.06339 
0.06313 
0.06288 
0.06262 
0.06237 


0.06211 
0.06186 
0.06160 
0.06135 
0.06109 


0.06084 
L.Tang. 

ASP 


L.  Cos. 


9.88425 
9.88415 
9.88404 
9.88394 
9.88383 


9.88372 
9.88362 
9.88351 
9.88340 
9.88330 


9.88319 
9.88308 
9.88298 
9.88287 
9.88276 


9.88266 
9.88255 
9.88244 
9.88234 
9.88223 


9.88212 
9.88201 
9.88191 
9.88180 
9.88169 


9.88158 
9.88148 
9.88137 
9.88126 
9.88115 


9.88105 
9.88094 
9.88083 
9.88072 
9.88061 


9.88051 
9.88040 
9.88029 
9.88018 
9.88007 


9.87996 
9.87985 
9.87976 
9.87964 
9.87953 


9.87942 
9.87931 
9.87920 
9.87909 
9.87898 


9.87887 
9.87877 
9.87866 
9.87855 
9.87844 


9.87833 
9.87822 
9.87811 
9.87800 
9.87789 


9.87778 
L.  Sin. 


d. 


10 
11 
10 
11 
11 

10 

11 
11 

10 

11 
11 

10 

11 
11 

10 

11 
11 

10 

11 
11 

11 

10 

11 
11 
11 

10 

11 
11 
11 

10 

11 
11 
11 
11 

10 

11 
11 
11 
11 
11 

11 

10 

11 
11 
11 

11 
11 
11 
11 
11 

10 

11 
11 
11 
11 

11 
11 
11 
11 
11 

dT 


60 

59 
58 
57 
56 


56 
54 
53 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 

41 


40 

89 
88 
37 
36 


35 
34 
83 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


SO 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 

9 
8 
7 
6 


5 
4 
3 
2 
1 


P.P. 


6 

2.6 

7 

3.0 

8 

3.5 

9 

3.9 

10 

4.3 

20 

8.7 

30 

13.0 

40 

17.3 

50 

21.7 

6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 

8 

9 

10 

20 

30 

40 

50 


6 

7 

8 

9 

10 

20 

90 

40 

60 


£5 

2.5 

2.9 

3.3 

3.8 

4.2 

8.3 

12.5 

16.7 

20.8 


15 

1.5 
1.8 
2.0 
2.3 
2.5 
5.0 
7.5 
10.0 
12.5 


14 
1.4 
1.6 
1.9 
2.1 
2.3 
4.7 
7.0 
9.3 
11.7 


II 

6 

1.1 

7 

1.3 

8 

1.5 

9 

1.7 

10 

1.8 

20 

8.7 

80 

6.5 

40 

7.8 

60 

9^ 

ID 
1.0 
1.2 
1.3 
1.5 
1.7 
8.3 
5.0 
6.7 
8.3 


P.P. 


w^ 


0 

1 

2 
3 
4 

5 
6 
7 
8 
9 

10 
U 
12 
13 
14 


15 
16 
17 
18 
19 


20 
21 

22 
23 
24 

25 
26 

27 
28 
29 

30 

31 
32 
33 
34 


35 
36 
37 
38 
39 


40 

41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

60 
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533 


1 


L.  Sill. 


9.81694 
9.81709 
9.81723 
9.81738 
9.81752 


9.81767 
9.81781 
9.81796 
9.81810 
9.81825 


9.81839 
9.81854 
9.81868 
9.81882 
9.81897 


9.81911 
9.81926 
9.81940 
9.81955 
9.81969 


9.81983 
9.81998 
9.82012 
9.82026 
9.82041 


9.82055 
9.82069 
9.82084 
9.82098 
9.82112 


9.82126 
9.82141 
9.82155 
9.82169 
9.82184 


9.82198 
9.82212 
9.82226 
9.82240 
9.82256 


9.82269 
9.82283 
9.82297 
9.82311 
9.82326 


9.82340 
9.82354 
9.82868 
9.82382 
9.82396 


9.82410 
9.82424 
9.82439 
9.82453 
9.82467 


9.82481 
9.82496 
9.82509 
9.82523 
9.82537 


9.82551 


L.Ck>8. 


d. 


16 
14 
15 
14 
15 

14 
16 
14 
15 
14 

15 
14 
14 
15 
14 

15 
14 
15 
14 
14 

16 
14 
14 
15 
14 

14 
16 
14 
14 
14 

16 
14 
14 
15 
14 

14 
14 
14 
15 
14 

14 
14 
14 
15 
14 

14 
14 
14 
14 
14 

14 
15 
14 
14 
14 

14 
14 
14 
14 
14 


d. 


L.Tang. 


9.93916 
9.93942 
9.93%7 
9.93993 
9.94018 


q  94044 
9.94069 
9.94095 
9.94120 
9.94146 


9.94171 
9.94197 
9.94222 
9.94248 
9.94273 


9.94299 
9.94324 
9.94350 
9.94375 
9.94401 


9.94426 
9.94452 
9.94477 
9.94503 
9.94528 


9.94554 
9.94579 
9.94604 
9.94630 
9.94655 


9.94681 
9.94706 
9.94732 
5.94757 
9.^783 


9.94808 
9.94834 
9.94859 
9.94884 
9.94910 


9.94935 
9.94961 
9.94986 
9.95012 
9.95037 


9.95062 
9.95088 
9.95113 
9.95139 
9.95164 


9.95190 
9.95215 
9.95240 
9.95266 
9.95291 


9.95317 
9.95342 
9.95368 
9.95393 
9.95418 

9.95444 


L.Cotg. 


d.  c. 


26 
26 
26 
26 
26 

25 
26 
26 
26 
26 

26 
25 
26 
25 
26 

25 
26 
25 
26 
26 

26 
25 
26 
26 
26 

25 
25 
26 
25 
26 

26 
26 
26 
26 
25 

26 
25 
25 
26 
26 

26 
25 
26 
25 
25 

26 
25 
26 
26 
26 

25 
25 
26 
25 
26 

25 
26 
25 
25 
26 


d.  c. 


L.  Cotg. 


0.06084 
0.06058 
0.06033 
0.06007 
0.06982 


0.05956 
0.05931 
0.05905 
0.05880 
0.05854 


0.05829 
0.05803 
0.05778 
0.05752 
0.05727 


0.05701 
0.05676 
0.05650 
0.05625 
0.65599 


0.05574 
0.05548 
0.05523 
0.05497 
0.05472 


0.05446 
0.05421 
0.05396 
0.05370 
0.05345 


0.05319 
0.05294 
0.05268 
0.05243 
0.05217 


0.05192 
0.05166 
0.05141 
0.05116 
0.05090 


0.05065 
0.05039 
0.05014 
0.04988 
0.04963 

0^04938 
0.04912 
0.04887 
0.04861 
0.04836 


0.04810 
0.04785 
0.04760 
0.04734 
0.04709 


0.04683 
0.04658 
0.04632 
0.04607 
0.04582 


0.04556 


L.Tang. 


L.  Cos. 


9.87778 
9.87767 
9.87756 
9.87745 
9.87734 


9.87723 
9.87712 
9.87701 
9.87690 
9.87679 


9.87668 
9.87657 
9.87646 
9.87635 
9.87624 


9.87613 
9.87601 
9.87590 
9.87579 
9.87568 


9.87557 
9.87546 
9.87535 
9.87524 
9.87513 


9.87501 
9.87490 
9.87479 
9.87468 
9.87457 


9.87446 
9.87434 
9.87423 
9.87412 
9.87401 


9.87390 
9.87378 
9.87367 
9.87356 
9.87345 


9.87334 
9.87322 
9.87311 
9.87300 
9.87288 


9.87277 
9.87266 
9.87255 
9.87243 
9.87232 


9.87221 
9.87209 
9.87198 
9.87187 
9.87175 


9.87164 
9.87153 
9.87141 
9.87130 
9.87119 


9.87107 


L.  Sin. 


d. 


11 
11 
11 

n 

U 


2 
11 
11 
12 


d. 


60 

59 
58 
57 
56 


65 
54 
63 
52 
51 


50 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
37 
36 


35 
34 
33 
32 
31 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 

10 

9 
8 
7 
6 


5 
4 
3 
2 
1^ 

0 


P.P. 


6 

7 
8 
9 
10 
20 
90 
40 
60 


6 
7 

8 
9 
10 
20 
30 
40 
60 


6 

7 

8 

9 

10 

20 

30 

40 

60 


6 

7 

8 

9 

10 

20 

30 

40 

60 


26 

2.6 

8.0 

3.5 

3.9 

4.8 

8.7 

13.0 

17.8 

21.7 


25 

2.5 

2.9 

3.3 

3.8 

4.2 

8.3 

12.5 

16.7 

20.8 


15 

1.5 
1  8 
2.0 
2.3 
2.5 
5.0 
7.5 
10.0 
12.5 


14 
1.4 
1.6 
1.9 
2.1 
2.3 
4.7 
7.0 
9.3 
11.7 


12 

6 

1.2 

7 

1.4 

8 

1.6 

9 

1.8 

10 

2.0 

20 

4.0 

30 

6.0 

40 

8.0 

50 

10.0 

II 

1.1 

1.3 
1.5 
1.7 
1.8 
3.7 
5.5 
7.3 
9.2 


P.P. 


»34 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS, 

420 


0 

1 
2 
3 

5 
6 

7 
8 

10 

11 
12 
13 
14^ 

15 
16 
17 
18 
19^ 

20 

21 
22 
23 
24 


25 
26 
27 
28 
:» 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 


40 

41 
42 
43 
4£ 

45 
46 
47 

48 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59^ 

60 


L.  Sin.  d. 


9.82551 
9.82565 
9.82579 
9.82593 
9.82607 


9.82621 
9.82635 
9.82649 
9.82663 
9.82677 


9.82691 
9.82705 
9.82719 
9.82733 
9.82747 


9.82761 
9.82775 
9.82788 
9.82802 
9.82816 


9.82830 
9.82844 
9.82858 
9.82872 
9.82885 


9.82899 
9.82913 
9.82927 
9.82941 
9.82955 


9.82968 
9.82982 
9.82996 
9.83010 
9.830^ 

9.^37 
9.83051 
9.83065 
9.83078 
9.83092 


9.83106 
9.83120 
9.83133 
9.83147 
9.83161 


9.83174 
9.83188 
9.83202 
9.83215 
9.83229 


9.83242 
9.83256 
9.83270 
9.83283 
9^83297_ 

9.83310 
9.83324 
9.83338 
9.83351 
9.^65^ 

9.83378^ 

L.  Cos.   d. 


14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

14 
13 
14 
14 
14 

14 
14 
14 
13 
14 

14 
14 
14 
14 
13 

14 
14 
14 
13 
14 

14 
14 
13 
14 
14 

14 
13 
14 
14 
13 

14 
14 
13 
14 
13 

14 
14 
13 
14 
13 

14 
14 
13 
14 
13 


L.Tang. 


Q  Q5444 
9.95469 
9.95495 
9.95520 
9.95545 


9.95571 
9.95596 
9.95622 
9.95647 
9.95672 


9.95698 
9.95723 
9.95748 
9.95774 
9.95799 


9.95825 
9.95850 
9.95875 
9.95901 
9.95926 


9.95952 
9.95977 
9.96002 
9.96028 
9.96053 


9.96078 
9.96104 
9.96129 
9.96155 
9.96180 


9.96205 
9.96231 
9.96256 
9.96281 
9.96307 


9.96332 
9.96357 
9.96383 
9.96408 
9.96433 


9.96459 
9.96484 
9.96510 
9.96535 
9.96560 


9.96586 
9.96611 
9.96636 
9.96662 
9.96687 


9.96712 
9.96738 
9.96763 
9.96788 
9.96814 


9.96839 
9.968&4 
9.96890 
9.96915 
9^940 

9.%966 


d.  c. 


L.  Cotg. 


25 
26 
25 
25 
26 

25 
26 
25 
25 

26 

25 
2S 
26 
25 

26 

25 

25 
26 
25 
26 

25 
25 
26 
25 
25 

26 
25 
26 
25 
25 

26 
25 
25 
26 
2S 

2S 

26 
25 
25 
26 

25 
26 
25 
25 
26 

25 
25 
26 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
25 

26 


L.  CJotg. 


0.04556 
0.04531 
0.04505 
0.04480 
0.04455 


0.04429 
0.04404 
0.04378 
0.04353 
0.04328 


0.04302 
0.04277 
0.04252 
0.04226 
0.04201 


0.04175 
0.04150 
0.04125 
0.04099 
0.04074 


0.04048 
0.04023 
0.03998 
0.03972 
0.03947 


0.08922 
0.03896 
0.03871 
0.03845 
0.03820 


0.03795 
0.03769 
0.03744 
0.03719 
0.03693 


0.03668 
0.03643 
0.03617 
0.03592 
0.03567 


0.03541 
0.03516 
0.03490 
0.03465 
0.03440 


0.03414 
0.03389 
0.03364 
0.03338 
0.03313 


0.03288 
0.03262 
0.08237 
0.03212 
0.08186 


0.03161 
0.03136 
0.03110 
0.08085 
008060 

0.03034 


d.  c.  I  L.Tang. 


L.  Cos. 


9.87107 
9.87096 
9.87085 
9.87078 
9.87062 


9.87050 
9.87039 
9.87028 
9.87016 
9.87005 


9.86993 
9.86982 
9.86970 
9.86959 
9.86947 


9.86936 
9.86924 
9.86918 
9.86902 
9.86890 


9.86879 
9.86867 
9.86855 
9.86844 
9.86832 


9.86821 
9.86809 
9.86798 
9.86786 
9.86775 


9.86763 
9.86752 
9.86740 
9.86728 
9.86717 


9.86705 
9.86694 
9.86682 
9.86670 
9.86659 


9.86647 
9.86635 
9.86624 
9.86612 
9.86600 


9.86589 
9.86577 
9.86565 
9.86554 
9.86542 


9.86530 
9.86518 
9.86507 
9.86495 
9.86483 


9.86472 
9.86460 

•7.oD44o 

9.86436 
9.86425 


9.86413 
L.Sin. 


d. 


U 
U 
12 
11 
12 

11 
11 
12 
11 
12 

11 
12 
11 
12 
11 

12 
11 
11 
12 
11 

12 
12 
11 
12 
11 

12 
11 
12 
11 
12 

11 
12 
12 
11 
12 

11 
12 
12 
11 
12 

12 
11 
12 
12 
11 

12 
12 
U 
12 
12 

12 
11 
12 
12 
11 

12 
12 
12 
11 
12 


60 

59 
58 
67 
56 


55 
54 
53 
52 
51 


60 

49 
48 
47 
46 


45 
44 
43 
42 
41 


40 

39 
38 
87 
36 


85 
84 
38 
82 
81 


30 

29 
28 
27 
26 


25 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 

8 
7 
6 


5 
4 
8 
2 
1 


P.P. 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

9 

10 

20 

80 

40 

50 


6 

7 

8 

9 

10 

20 

SO 

40 

50 


6 

7 
8 
9 
10 
20 
80 
40 
60 


26 

2.6 

3.0 

3.5 

3.9 

4.3 

8.7 

13.0 

17.8 

2L7 


26 

2.5 

2.9 

8.3 

8.8 

4.2 

8.3 

12.5 

16.7 

20.8 


14 

1.4 
1.6 
1.9 
2.1 
2.3 
4.7 
7.0 
9.3 
11.7 


IS 

1.3 
1.5 
1.7 
2,0 
2.2 
4.3 
6.5 
8.7 
10.8 


12 

6 

1.2 

7 

1.4 

8 

1.6 

9 

1.8 

10 

2.0 

20 

4.0 

80 

6.0 

40 

&0 

60 

10.0 

II 

1.1 

1.3 
1.5 
1.7 
1.8 
3.7 
&5 
7.8 
9^ 


P.P. 


AT" 


LOQARITBMS  OP  TRtGONOMETltlC  PUNCTIONS, 

43° 


535 


0 

1 

2 
3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 

24 


40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 


60 


L.  Sin. 


9.83378 
9.83392 
9.83405 
9.83419 
9.83432 


9.83446 
9.83459 
9.83473 
9.83486 
9.83500 


9.83513 
9.83527 
9.83540 
9.83554 
9.83567 


9.83581 
9.83594 
9.83608 
9.83621 
SL83634 

9.S3648 
9.83661 
9.83674 
9.83688 
9.83701 


9.83715 
9.83728 
9.83741 
9.83755 
9^83768 

'9.83781 
9.83795 
9.83808 
9.83821 
9.83834 


9.83848 
9.83861 
9.83874 
9.83887 
9.83901 

9.83914 
9.83927 
9.83940 
9.83954 
9.83967 


9.83980 
9.83993 
9.84006 
9.84020 
9.84033 


9.84046 
9.84059 
9.84072 
9.84085 
9.84098 


9.84112 
9.84125 
9.84138 
9.84161 
9.84164 


9.84177 


L.C08. 


14 
13 
14 
13 
14 

13 
14 
13 
14 
13 

14 
13 
14 
13 
14 

13 
14 
13 
13 
14 

13 
13 
14 
13 
14 

13 
13 
14 
13 
13 

14 
13 
13 
13 
14 

13 
13 
13 
14 
18 

13 
13 
14 
13 
13 

13 
13 
14 
13 
13 

13 
13 
13 
13 
14 

13 
13 
13 
13 
13 


L.Tang. 

9.96966 
9.96^1 
9.97016 
9.97042 
9.97067 


9.97092 
9.97118 
9.97143 
9.97168 
9.97193 


9.97219 
9.97244 
9.97269 
9.97295 
9.97320 


9.97345 
9.97371 
9.97396 
9.97421 
9.97447 


9.97472 
9.97497 
9.97523 
9.97548 
9.97573 


9.97598 
9.97624 
9.97649 
9.97674 
9.97700 


9.97725 
9.97750 
9.97776 
9.97801 
9^71^ 

9.97851 
9.97877 
9.97902 
9.97927 
9.97953 


9.97978 
9.98003 
9.98029 
9.98054 
9^98079 

9.98104 
9.98130 
9.98155 
9.98180 
9.98206 


9.98231 
9.98256 
9.98281 
9.98307 
9.98^^ 

9^98557 
9.98383 
9.98408 
9.98433 
9.98458 


d. 


9.98484 


L.  Cotg. 


d.  c. 


25 
25 
26 
25 
25 

26 
25 
25 
25 
26 

25 
25 
26 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
'25 
25 

26 
25 
25 
26 
25 

25 
25 
26 
25 
25 

26 
25 
25 
25 
26 


L.  Cotg. 

0.0:3034 
0.03009 
0.02984 
0.02958 
0.02933 


0.02908 
0.02882 
0.02857 
0.02832 
0.02807 


0.02781 
0.02756 
0.02731 
0.02705 
0.02680 


0.02655 
0.02629 
0.02604 
0.02579 
0.02553 


0.02528 
0.02503 
0.02477 
0.02452 
0.02427 


0.02402 
0.02376 
0.02351 
0.02326 
0.02300 


0.02275 
0.02250 
0.02224 
0.02199 
0.02174 


0.02149 
0.02123 
0.02098 
0.02073 
0.02047 


0.02022 
0.01997 
0.01971 
0.01946 
0.01921 


0.01896 
0.01870 
0.01845 
0.01820 
0.01794 


0.01769 
0.01744 
0.01719 
0.01693 
0.01668 


0.01643 
0.01617 
0.01592 
0.01567 
0.01542 


0.01516 


d.  c.  i L.Tang. 
46° 


L.  Cos. 

9.86413 
9.86401 
9.86389 
9.86377 
9.86366 


9.86354 
9.86342 
9.86330 
9.86318 
9.86306 


9.86295 
9.86283 
9.86271 
9.86259 
9.8e247 

9.86235 
9.86223 
9.86211 
9.86200 
9^188 

9.86176 
9.86164 
9.86152 
9.86140 
9.86128 


9.86116 
9.86104 
9.86092 
9.86080 
9.86068 


9.86056 
9.86044 
9.86032 
9.86020 
9.86008 


9.85996 
9.85984 
9.85972 
9.85960 
9.85948 


9.85936 
9.85924 
9.85912 
9.85900 
9.85888 


9.85876 
9.85864 
9.85851 
9.85839 
9.85827 


9.85815 
9.85803 
9.85791 
9.85779 
9.85766 


9.85754 
9.85742 
9.85730 
9.85718 
9.85706 


9.85693 


d^ 

12 
12 
12 
11 
12 

12 
12 
12 
12 
11 

12 
12 
12 
12 
12 

12 
12 
11 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
13 
12 
12 
12 

12 
12 
12 
13 
12 

12 
12 
12 
12 
13 


60 

59 
58 
57 
56 

55 
54 
53 
52 

50 
49 

48 
47 
46 

45 
44 
43 
42 

iL 
40 

39 
38 
37 
36 

35 
34 
33 
32 
31_ 

30 

29 
28 
27 
26 

25" 

24 

23 

22 

21 


20 

19 
18 
17 
16 


15 
14 
13 
12 
11 


10 
9 
8 

7 
6 


P.P. 


L.  Sin.  1  d, 


L 

d.  I  ' 


26 

6 

2.6 

7 

8.0 

8 

3.5 

9 

3.9 

10 

4.3 

20 

8.7 

30 

13.0 

40 

17.3 

60 

21.7 

25 

6 

2.5 

7 

2.9 

8 

8.3 

9 

3.8 

10 

4.2 

20 

8.3 

30 

12.5 

40 

16.7 

50 

20.8 

6 

7 
8 
9 
10 
20 
30 
40 
50 


14 

1.4 
1.6 
1.9 
2.1 
2.3 
4.7 
7.0 
9.3 
11.7 


IS 

6 

1.3 

7 

1.5 

8 

1.7 

9 

2.0 

10 

2.2 

20 

4.3 

30 

6.5 

40 

8.7 

60 

10.8 

12 

6 

1.2 

7 

1.4 

8 

1.6 

9 

1.8 

10 

2.0 

20 

4.0 

30 

6.0 

40 

8.0 

50 

10.0 

II 

1.1 

1.3 
1.5 
1.7 
1.8 
3.7 
5.5 
7.3 
9.2 


P.P. 


r 


536 


LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS. 


I 

L 


0 

1 

2 
8 

4 


5 
6 
7 
8 
_9 

10 
11 

12 
13 

it 
15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 

27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 

44 

45 
46 
47 
48 
49 

50 

61 
62 
63 
64 

65 
66 
57 
68 
59 

60 


L.  ^n. 

9.84177 
9.84190 
9.84203 
9.84216 
9.84229 


9.84242 
9.84255 
9.84269 
9.84282 
9.84295 


9.84308 
9.84321 
9.84334 
9.84347 
9.84360 


9.84373 
9.81385 
9.84398 
9.84411 
9.84424 


9.84437 
9.84450 
9.84463 
9.84476 
9.84489 


9.84502 
9.84515 
9.84528 
9.84540 
9.84553 


9.84566 
9.84579 
9.84592 
9.84605 
9.84618 


9.84630 
9.84643 
9.84656 
9.84669 
9.84682 


9.84694 
9.84707 
9.84720 
9.84733 
9.84745 


9.84758 
9.84771 
9.84784 
9.84796 
9.84809 


9.84822 
9.84835 
9.84847 
9.81860 
9.84873 


9.84885 
9.84898 
9.84911 
9.84923 
9.84936 

9.84949 


i  L.  Ck>8. 


d. 


13 
18 
13 
13 
13 

13 
14 
13 
13 
13 

13 
13 
13 
13 
13 

12 
13 
13 
13 
13 

13 
13 
13 
13 
13 

13 
13 
12 
13 
13 

13 
13 
13 
13 
12 

13 
13 
13 
13 
12 

13 
13 
13 
12 
13 

13 
13 
12 
13 
13 

13 
12 
13 
13 
12 

13 
13 
12 
13 
13 

"dT 


L.Tang. 


9.98509 
9.98534 
9.98660 
9.98585 


9.98610 
9.98635 
9.98661 
9.98686 
9.98711 


9.98737 
9.98762 
9.98787 
9.98812 
9.98838 


9.98863 
9.98888 
9.98913 
9.98939 
9.98964 


9.98989 
9.99015 
9.99040 
9.99065 
9.99090 


9.99116 
9.99141 
9.99166 
9.99191 
9.99217 


9.99242 
9.99267 
9.99293 
9.99318 
9.99343 


9.99368 
9.99394 
9.99419 
Q  QQ444 

9.99469 


9.99495 
9.99520 
9.99545 
9.99570 
9.99596 


9.99621 
9.99646 
9.99672 
9.99697 
9.99722 


9.99747 
9.99773 
9.99798 
9.99823 
9.99848 


9.99874 
9.99899 
9.99924 
9.99949 
9.99975 


0.00000 
L.  Cotg. 


d.  c. 


L.  Cotg, 


0.01516 
0.01491 
0.01466 
0.01440 
0.01415 


0.01390 
0.01365 
0.01339 
0.01314 
0.01289 


0.01263 
0.01238 
0.01213 
0.01188 
0.01162 


0.01137 
0.01112 
0.01087 
0.01061 
0.01036 


0.01011 
0.00985 
0.00960 
0.00935 
0.00910 


0.00884 
0.00859 
0.00834 
0.00809 
0.00783 


25 
25 
26 
25 
25 

25 
26 
25 
25 
26 

25 
25 
25 
26 
25 

25 
25 
26 
25 
26 

26 
25 
25 
25 
26 

25 
25 
25 
26 
25 

25 
26 
25 
25 
25 

26 
25 
25 
25 
26 

25 
25 
25 
26 
25 

25 
26 
25 
25 
25 

26 
25 
25 
25 
26 

25 
25 
25 
26 

^   0.00000 
d.  c.  L.Tang. 

45** 


0.00758 
0.00733 
0.00707 
0.00682 
0.00657 


0.00632 
0.00606 
0.00581 
0.00556 
0.00531 

0.00505 
0.00480 
0.00455 
0.00430 
0.00404 


0.00379 
0.00354 
0.00328 
0.00303 
0.00278 


0.00253 
0.00227 
0.00202 
0.00177 
0.00152 


0.00126 
0.00101 
0.00076 
0.00051 
0.00025 


L.  Ck)s. 


9.85693 
9.85681 
9.85669 
9.85657 
9.85645 


9.85632 
9.85620 
9.85608 
9.85596 
9.85583 


9.85571 
9.85559 
9.85547 
9.85534 
9.85522 


9.86510 
9.85497 
9.86485 
9.86473 
9.85460 


9.85448 
9.85436 
9.8M23 
9.86411 
9.85399 


9.85386 
9.85374 
9.85361 
9.85349 
9.85337 


9.85324 
9.85312 
9.85299 
9.85287 
9.85274 


9.85262 
9.85250 
9.85237 
9.85225 
9.85212 


9.85200 
9.85187 
9.85175 
9.85162 
9.86150 


9.85137 
9.86125 
9.86112 
9.86100 
9.86087 


9.85074 
9.86062 
9.85049 
9.85037 
9.85024 


9.85012 
9.84999 
9.84986 
9.84974 
9.84961 


9.84949 
L.  Sin. 
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12 
12 
12 
12 
13 

2 
2 
2 
3 
12 

2 
2 
3 
2 
12 

3 

2 
2 
3 
2 

2 

3 

12 

12 

13 

12 
13 
12 
12 
13 

12 
13 
12 
13 
12 

12 
13 
12 
13 
12 

13 
12 
13 
12 
13 

12 
13 
12 
13 
13 

12 
13 
12 
13 
12 

13 
13 
12 
13 
12 

dT 


00 

69 
68 
67 
56 


56 
54 
53 
62 
61 


SO 

49 
48 
47 
46 


45 
44 

48 
42 
41 


40 

39 
38 
37 
36 


35 
34 
83 
32 

30 

29 
28 
27 
26 


26 
24 
23 
22 
21 


20 

19 
18 
17 
16 


15 
14 
18 
12 
11 


10 
9 
8 
7 

e 


5 
4 
8 
2 
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6 

2.6 

7 

8.0 

8 

3.5 

9 

3.9 

10 

4.3 

20 

8.7 

30 

13.0 

40 

17^ 

60 

2L7 

6 

7 
8 
9 
10 
20 
30 
40 
50 


6 

7 

8 

9 

10 

20 

90 

40 

50 


6 

7 

8 

9 

10 

20 

90 

40 

50 


6 

7 

8 

9 

10 

20 

90 

40 

50 


25 

2.5 

2.9 

3.8 

3.8 

4.2 

8.3 

12.5 

16.7 

20.8 


14 
1.4 
1.6 
1.9 
2.1 
2.8 
4.7 
7.0 
9.8 
11.7 


IS 
1.8 
1.5 
1.7 
2.0 
2.2 
4.3 
6.5 
8.7 
10.8 


12 

1.2 
1.4 
1.6 
1.8 
2.0 
4.0 
6.0 
8.0 
10.0 
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TRAVERSE  TABLEa 

To  use  the  tables,  find  the  number  of  degrees  in  the  left-hand  column  if 
the  angle  be  less  than  45^,  and  in  the  right-hand  column  if  greater  than  45^'. 
The  numbers  on  the  same  line  running  across  the  page  are  the  latitudes  and 
departures  for  that  angle  and  for  the  respective  distances,  1, 2, 3, 4, 5, 6, 7, 8, 9, 
which  appear  at  the  top  and  bottom  of  the  pafes.  Thus,  if  the  bearing  of  a 
line  be  i(P  and  the  disitance  4,  the  latitude  will  be  3.939  and  the  departure 
0.696:  with  the  same  bearing,  and  the  distance  8,  the  latitude  will  be  7.878  and 
the  departure  1.889.  The  latitude  and  departure  for  80  is  10  times  the  latitude 
and  departure  for  8,  and  is  found  by  moving  the  decimal  point  one  place  to 
the  right;  that  for  500  is  100  times  the  latitude  and  departure  for  5,  and  is  found 
by  moving  the  decimal  point  two  places  to  the  right  and  so  on.  Bv  movins^ 
the  decimal  point  one,  two,  or  more  places  to  the  right,  the  latitude  and 
departure  may  be  found  for  any  multiple  of  any  number  given  in  the  table. 
In  finding  the  latitude  and  departure  for  any  number  such  as  453,  the  number 
is  resolved  into  three  numbers,  viz.:  400, 50, 3,  and  the  latitude  and  departure 
for  each  taken  ftom  the  table  and  then  added  together. 

We  thus  obtain  the  following: 

Ru\%.— Write  down  the  kUituae  mid  departure,  neolecting  the  decimal  points, 
for  the  first /Igure  of  the  given  distance;  write  under  them  the  latUude  and  depar- 
ture for  the  second  figure,  setting  them  one  j^lace  farther  to  the  right;  under  tnese, 
place  the  latitude  and  departure  for  the  third  figure,  setting  them  one  place  stiU 
farther  to  the  right,  and  so  continue  uniU  aU  the  figures  qf  the  given  distance  have 
oeen  used;  add  these  latitudes  and  departures,  and  point  off  on  the  right  qf  their 
sums  a  number  qf  decimal  places  equal  to  the  number  of  decimal  places  to  which 
the  tables  being  used  are  carried;  the  resulting  numbers  will  be  the  latitude  and 
departure  of  the  given  distance  in  feet,  links,  chains,  or  whatever  unit  of  measure- 
ment is  adopted. 

£xAMPLE.~A  bearing  is  16P  and  the  distance  725  ft.;  what  is  the  latitude 
and  departure? 

Distances.  Latitudes.  Departures. 

700  6729  1929 

20  1928  0551 

5  4806  1378 


725  696.936  199.788 

Taking  the  nearest  whole  numbers  and  rejecting  the  decimals,  we  find 
the  latitude  and  departure  to  be  697  and  200. 

When  a  0  occurs  in  the  given  number,  the  next  figure  must  be  set  two 
places  to  the  right  as  in  the  following  example: 

The  bearing  is  22°  and  the  distance  907  ft.;  required,  the  latitude  and 
departure. 

Distances.  Latitudes.  Departures. 

900  8345  3371 


6490  2622 


907  8  40.990  889.722 

Here  the  place  of  0  both  in  the  distance  column  and  in  the  latitude  and 
departure  columns  is  occupied  by  a  dash  — .  Rejecting  the  decimals,  the 
lantude  is  841  ft.  and  the  departure  340  ft.  When  the  bearing  is  more  than 
ASP,  the  names  of  the  columns  must  be  read  ttom.  the  bottom  of  the  page. 
The  latitude  of  any  bearing,  as  60°,  is  the  departure  of  its  complement,  30°; 
and  the  departure  of  any  bearing,  as  30°,  is  the  latitude  of  its  complement, 
60^.  Where  the  bearings  are  given  in  smaller  fractions  of  degrees  than  is 
found  in  the  table,  the  latitudes  and  departures  can  be  found  by  inter- 
polation. 
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Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat 

01 
0* 
01 

|0 

li 
li 

If 
20 

2i 

21 
SO 

3* 
4° 
4i 
4i 
41 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
0.999 
0.999 
0.999 
0.999 
0.999 
0.998 
0.998 
0.998 
0.998 
0.997 
0.997 
0.997 

0.000 
0.004 
0.009 
0.018 
0.017 
0.022 
0.026 
0.031 
0.085 
0.039 
0.044 
0.048 
0.052 
0.057 
0.061 
0.065 
0.070 
0.074 
0.078 
0.083 

2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.999 
1.999 
1.999 
1.998 
1.998 

1.997 
1.997 
1.996 
1.996 
1.995 
1.995 
1.994 
1.993 

0.000 
0.009 
0.017 
0.026 
0.035 
0.044 
0.052 
0.061 
0.070 
0.079 
0.087 
0.096 
0.105 
0.113 
0.122 
0.131 
0.140 
0.148 
0.157 
0.166 

3.000 
3.000 
3.000 
3.000 
3.000 
2.999 
2.999 
2.999 
2.998 
2.996 
2.997 
2.997 
2.996 
2.995 
2.994 
2.994 
2.993 
2.992 
2.991 
2.990 

0.000 
0.018 
0.026 
0.039 
0.052 
0.065 
0.079 
0.092 
0.105 
0.118 
0.181 
0.144 
0.157 
0.170 
0.188 
0.1% 
0.209 
0.222 
0.235 
0.248 

4.000 
4.000 
4.000 
4.000 
8.999 
8.999 
8.999 
8.998 
8.998 
3.997 
0.996 
3.995 
3.995 
3.994 
8.993 
8.991 
3.990 
3.989 
3.988 
3.986 

0.000 
0.017 
0.035 
0.062 
0.070 
0.087 
0.105 
0.122 
0.140 
0.167 
0.174 
0.192 
0.209 
0.227 
0.244 
0.262 
0.279 
0.296 
0.814 
0.331 

6.000 
6.000 
5.000 
6.000 
4.999 
4.999 
4.998 
4.998 
4.997 
4.9% 
4.995 
4.994 
4.993 
4.992 
4.991 
4.989 
4.988 
4.986 
4.966 
4.963 

90° 

07} 

891 

89i 

890 

88f 

88^ 

88i 

«80 

87i 

87# 

87i 

870 

86f 

86i 

86i 

880 

85i 

85* 

8&i 

5i 
5* 

|i 

6i 
6t 
61 
70 

7J 

7* 

71 
go 

8i 
8i 

^ 
90 

9i 
9* 

9* 

0.996 
0.996 
0.995 
0.995 
0.995 
0.994 
0.994 
0.993 
0.993 
0.992 
0.991 
0.991 
0.990 
0.990 
0.989 
0.988 
0.988 
0.987 
0.986 
0.986 

0.087 
0.092 
0.096 
0.100 
0.105 
0.109 
0.113 
0.118 
0.122 
0.126 
0.131 
0.135 
0.139 
0.143 
0.148 
0.152 
0.156 
0.161 
0.165 
0.169 

1.992 
1.992 
1.991 
1.990 
1.989 
1.988 
1.987 
1.986 
1.985 
1.984 
1.983 
1.982 
1.981 
1.979 
1.978 
1.977 
1.975 
1.974 
1.973 
1.971 

0.174 
0.183 
0.192 
0.200 
0.209 
0.218 
0.226 
0.235 
0.244 
0.252 
0.261 
0.270 
0.278 
0.287 
0.296 
0.304 
0.313 
0.321 
0.330 
0.339 

2.989 
2.987 
2.986 
2.985 
2.984 
2.982 
2.981 
2.979 
2.978 
2.976 
2.974 
2.973 
2.971 
2.969 
2.967 
2.965 
2.963 
2.961 
2.959 
2.957 

0.261 
0.276 
0.288 
0.301 
0.314 
0.327 
0.340 
0.358 
0.366 
0.379 
0.392 
0.405 
0.418 
0.430 
0.443 
0.456 
0.469 
0.482 
0.495 
0.508 

8.985 
8.983 
8.982 
8.980 
3.978 
8.976 
8.974 
3.972 
3.970 
8.968 
3.966 
8.963 
8.961 
3.959 
a956 
8.953 
8.951 
3.948 
8.945 
3.942 

0.349 
0.366 
0.383 
0.401 
0.418 
0.436 
0.453 
0.470 
0.487 
0.506 
0.522 
0.539 
0.657 
0.674 
0.591 
0.608 
0.G26 
0.643 
0.660 
0.677 

4.981 
4.979 
4.977 
4.976 
4.973 
4.970 
4.968 
4.966 
4.963 
4.960 
4.957 
4.954 
4.951 
4.948 
4.945 
4.942 
4.938 
4.935 
4.931 
4.928 

85*> 
841 
84i 

^ 
840 

83* 

83i 

83i 

83° 

821 

824 

82i 

820 

811 

811 

Si 

80} 
80* 
80i 

IQo 

lOi 
lOi 
lOf 

IP 
Hi 

lU 
H* 

120 

12i 
12i 
12* 
130 

0.985 
0.984 
0.983 
0.982 
0.982 
0.981 
0.980 
0.979 
0.978 
0.977 
0.976 
0.975 
0.974 

0.174 
0.178 
0.182 
0.187 
0.191 
0.195 
0.199 
0.204 
0.208 
0.212 
0.216 
0.221 
0.225 

1.970 
1.968 
1.967 
1.965 
L963 
1.962 
1.960 
1.958 
1.956 
1.954 
1.953 
1.951 
1.949 

0.347 
0.356 
0.364 
0.373 
0.382 
0.390 
0.399 
0.407 
0.416 
0.424 
0.433 
0.441 
0.450 

2.954 
2.952 
2.950 
2.947 
2.945 
2.942 
2.940 
2.937 
2.934 
2.932 
2.929 
2.926 
2.923 

0.521 
0.534 
0.547 
0.560 
0.572 
0.585 
0.598 
0.611 
0.624 
0.637 
0.649 
0.662 
0.675 

8.939 
8.936 
3.933 
3.930 
8.927 
8.923 
3.920 
8.916 
3.913 
8.909 
8.905 
8.901 
8.897 

0.695 
0.712 
0.729 
0.746 
0.768 
0.780 
0.797 
0.815 
0.889 
0349 
0.866 
0.888 
0.900 

4.924 
4.920 
4.916 
4.912 
4.908 
4.904 
4.900 
4.895 
4.891 
4.8R6 
4.881 
4.877 
4.872 

80« 

791 

79* 

Wi 
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781 

771 
77* 

7r» 
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0.000 
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Oi 

0.022 

6.000 

0.026 
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0.031 
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0.035 

9.000 

0.039 

891 

ot 

0.044 

6.000 

0.052 

7.000 

0.061 
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0.070 
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0.079 

891 

ot 

0.065 

5.999 

0.079 

6.999 

0.092 

7.999 

0.105 

8.999 

0.118 

m 

l<> 

0.067 

5.999 

0.105 

6.999 

0.122 

7.999 

0.140 

8.999 

0.157 

890 

u 

0.109 

5.999 

0.131 

6.996 

0.153 

7.996 

0.175 

8.996 

0.196 

m 

It 

0.181 

5.998 

0.157 

6.998 

0.183 

7.997 

0.209 

8.997 

0.236 

881 

u 

0.158 

5.997 

0.183 

6.997 

0.214 

7.996 

0.244 

8.996 

0.276 

m 

20 

0.174 

5.996 

0.209 

6.996 

0.244 

7.995 

0.279 

8.995 

0.314 

88» 

2i 

0.196 

5.995 

0.236 

6.995 

0.275 

7.994 

0.314 

8.993 

0.353 

871 

2i 

0.218 

5.994 

0.262 

6.993 

0.305 

7.992 

0.349 

8.991 

0.393 

87# 

21 

0.240 

5.993 

0.288 

6.992 

0.336 

7.991 

0.384 

8.990 

0.432 

87f 

t> 

0.262 

5.992 

0.314 

6.990 

0.366 

7.969 

0.419 

8.988 

0.471 

8r» 

3i 

0.288 

5.990 

0.340 

6.989 

0.397 

7.987 

0.454 

8.986 

0.510 

861 

3* 

0.805 

5.989 

0.366 

6.987 

0.427 

7.985 

0.488 

8.983 

0.549 

86i 

31 

0.327 

5.987 

0.392 

6.985 

0.458 

7.983 

0.523 

8.981 

0.589 

86i 

40 

0.349 

5.985 

0.419 

6.983 

0.488 

7.981 

0.558 

8.978 

0.628 

86O 

4i 

0.371 

5.984 

0.415 

6.981 

0.519 

7.978 

0.593 

8.975 

0.667 

85* 

4* 

0.392 

5.982 

0.471 

6.978 

0.549 

7.975 

0.628 

8.972 

0.706 

85* 

41 

0.414 

5.979 

0.497 

6.976 

0.580 

7.973 

0.662 
0.697 

8.969 
8.966 

0.745 
0.784 

85^,^ 
85° 

6° 

0.436 

5.977 

0.523 

6.973 

0.610 

7.970 

5i 

0.458 

5.975 

0.549 

6.971 

0.641 

7.966 

0.732 

8.962 

0.8JM 

841 

5* 

0.479 

5.972 

0.575 

6.968 

0.671 

7.963 

0.767 

8.959 

0.863 

84* 

5* 

0.501 

5.970 

0.601 

6.965 

0.701 

7.960 

0.802 

8.955 

0.902 
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0.623 

5.967 

0.627 

6.962 

0.732 

7.956 

0.836 

8.951 

0.941 

84° 

6i 

0.544 

5.964 

0.653 

6.958 

0.762 

7.952 

0.871 

8.947 

0.980 

83} 

6i 

0.566 

5.961 

0.679 

6.955 

0.792 

7.949 

0.906 

8.942 

1.019 

83| 

61 

0.588 

5.958 

0.705 

6.951 

0.823 

7.945 

0.940 

8.938 

1.058 

83* 

70 

0.609 

5.955 

0.731 

6.948 

0.853 

7.940 

0.975 

8.933 

1.097 

83° 

7i 

0.631 

5.952 

0.757 

6.944 

0.883 

7.936 

1.010 

8.928 

1.136 

82* 

71 

0.653 

5.949 

0.783 

6.940 

0.914 

7.932 

1.044 

8.923 

1.175 

82* 

71 

0.674 

5.945 

0.809 

6.936 

0.944 

7.927 

1.079 

8.918 

1.214 

82i 

go 

0.696 

5.942 

0.835 

6.932 

0.974 

7.922 

1.113 

8.912 

1.253 

82° 

8i 

0.717 

5.938 

0.861 

6.928 

1.004 

7.917 

1.148 

8.907 

1.291 

81* 

8^ 

0.739 

5.934 

0.887 

6.923 

1.035 

7.912 

1.182 

8.901 

1.330 

81* 

81 

0.761 

5.930 

0.913 

6.919 

1.065 

7.907 

1.217 

8.895 

1.369 

81° 

90 

0.782 

5.926 

0.939 

6.914 

1.095 

7.902 

1.251 

8.889 

1.408 

9i 

0.804 

5.922 

0.964 

6.909 

1.125 

7.896 

1.286 

8.883 

1.447 

80* 

9i 

0.825 

5.918 

0.990 

6.904 

1.155 

7.890 

3.320 

8.877 

1.485 

80* 

91 

0.847 

5.913 
5.909 

1.016 

6.899 

1.185 

7.884 
7.878 

1.355 
1.389 

8.870 
8.863 

1.524 

80i- 

IQO 

0.868 

1.042 

6.894 

1.216 

1.563 

80° 

lOJr 

0.890 

5.904 

1.068 

6.888 

1.246 

7.872 

1.424 

8.856 

1.601 

791 

lOi 

0.911 

5.900 

1.093 

6.883 

1.276 

7.866 

1.458 

8.849 

1.640 

79* 

10* 

0.933 

5.895 

1.119 

6.877 

1.306 

7.860 

1.492 

8.842 

1.679 

79i 

l|0 

0.954 

5.890 

1.145 

6.871 

1.336 

7.853 

1.526 

8.835 

1.717 

79° 

lU 

0.975 

5.885 

1.171 

6.866 

1.366 

7.846 

1.561 

8.827 

1.756 

781 

lU 

0.997 

5.880 

1.196 

6.859 

1.396 

7.839 

1.595 

8.819 

1.794 

78* 

lU 

1.018 

5.874 

1.222 

6.853 

1.425 

7.832 

1.6-29 

8.811 

1.833 

78i 

,20 

1.040 

5.869 

1.247 

6.847 

1.455 

7.825 

1.663 

8.803 

1.871 

78° 

12i 

1.061 

5.863 

1.273 

6.841 

1.485 

7.818 

1.697 

8.795 

1.910 

77* 

12^ 

1.082 

5.858 

1.299 

6.834 

1.515 

7.810 

1.732 

8.787 

1.948 

77i 

12» 

1.103 

5.852 

1.324 

6.827 

1.546 

7.803 

1.766 

8.778 

1.986 

77i 

ISO 

1.125 

5.846 

1.350 

6.821 

1.575 

7.795 

1.800 

8.769 

2.026 

77° 

• 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

m 

S 

( 

J 

1 

1 

1 

1 

1 

r 
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1 

2 

S 

4 

S 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

IS° 

13i 

m 

14° 
14* 
14* 
14* 

0.974 
0.973 
0.972 
0.971 
0.970 
0.969 
0.968 
0.967 

0.225 
0.229 
0.233 
0.238 
0.242 
0.246 
0.250 
0.256 

1.949 
1.947 
1.945 
1.943 
1.941 
1.988 
1.936 
1.934 

0.450 
0.458 
0.467 
0.475 
0.484 
0.492 
0.601 
0.509 

2.923 
2.920 
2.917 
2.914 
2.911 
2.908 
2.904 
2.901 

0.675 
0.688 
0.700 
0.713 
0.726 
0.738 
0.761 
0.764 

8.897 
3.894 
3.889 
3.885 
3.881 
3.877 
3.873 
3.868 

0.900 
0.917 
0.934 
0.951 
0.968 
0.986 
1.002 
1.018 

4.872 
4.867 
4.862 
4.857 
4.861 
4.846 
4.841 
4.835 

7r 

76* 

E 

75* 
75* 
75* 

18° 
15* 
15* 
15* 
18° 
16* 
16* 
16* 
17° 
17* 
17* 
17* 
18° 
18* 
18* 
18* 
19° 
19* 
19* 
19* 

0.966 
0.965 
0.964 
0.962 
0.961 
0.960 
0.959 
0.958 
0.956 
0.955 
0.954 
0.952 
0.951 
0.950 
0.948 
0.947 
0.946 
0.944 
0.943 
0.941 

0.259 
0.263 
0.267 
0.271 
0.276 
0.280 
0.284 
0.288 
0.292 
0.297 
0.301 
0.305 
0.309 
0.313 
0.317 
0.321 
0.326 
0.330 
0.334 
0.338 

1.932 
1.930 
1.927 
1.925 
1.923 
1.920 
1.918 
1.915 
1.913 
1.910 
1.907 
1.905 
1.902 
1.899 
1.897 
1.894 
1.891 
1.888 
1.885 
1.882 

0.618 
0.526 
0.534 
0.543 
0.551 
0.660 
0.668 
0.576 
0.685 
0.593 
0.601 
0.610 
0.618 
0.626 
0.635 
0.643 
0.651 
0.659 
0.668 
0.676 

2.898 
2.894 
2.891 
2.887 
2.884 
2.880 
2.876 
2.873 
2.869 
2.866 
2.861 
2.867 
2.863 
2.849 
2.846 
2.841 
2.837 
2.832 
2.828 
2.824 

0.776 
0.789 
0.802 
0.814 
0.827 
0.839 
0.852 
0.865 
0.877 
0.890 
0.902 
0.916 
0.927 
0.939 
0.952 
0.964 
0.977 
0.989 
1.001 
1.014 

3.864 
3.869 
3.855 
3.850 
3.845 
8.840 
3.836 
3.830 
3.825 
3.820 
3.815 
3.810 
3.804 
8.799 
3.793 
3.788 
3.782 
3.776 
8.771 
3.766 

1.086 
1.062 
1.069 
1.086 
1.108 
1.119 
1.136 
1.153 
1.169 
1.186 
1.203 
1.220 
1.236 
1.258 
1.269 
1.286 
1.302 
1.319 
1.836 
1.362 

4.830 
4.824 
4.818 
4.812 
4.806 
4.800 
4.794 
4.788 
4.782 
4.775 
4.769 
4.762 
4.756 
4.748 
4.742 
4.735 
4.728 
4.720 
4.713 
4.706 

75° 

74* 

74* 

74* 

74° 

73* 

73* 

73* 

78° 

72* 

72* 

^ 
72° 

71* 

71* 

V^ 

70* 
70* 
701, 

20° 

20* 
20* 
20* 
21° 
21* 
21* 
21* 
22° 
22* 
22* 
22* 
23° 
23* 
23* 

24° 
24* 
24* 
24* 

0.940 
0.938 
0.937 
0.935 
0.934 
0.932 
0.930 
0.929 
0.927 
0.926 
0.924 
0.922 
0.921 
0.919 
0.917 
0.915 
0.914 
0.912 
0.910 
0.908 

0.342 
0.346 
0.350 
0.354 
0.358 
0.362 
0.367 
0.371 
0.375 
0.379 
0.383 
0.387 
0.391 
0.395 
0.399 
0.403 
0.407 
0.411 
0.415 
0.419 

1.879 
1.876 
1.873 
1.870 
1.867 
L864 
1.861 
1.858 
1.854 
1.851 
1.848 
1.844 
1.841 
1.838 
1.834 
1.831 
1.827 
1.824 
1.820 
1.816 

0.684 
0.692 
0.700 
0.709 
0.717 
0.725 
0.733 
0.741 
0.749 
0.757 
0.765 
0.773 
0.781 
0.789 
0.797 
0.805 
0.813 
0.821 
0.829 
0.837 

2.819 
2.816 
2.810 
2.805 
2.801 
2.796 
2.791 
2.786 
2.782 
2.777 
2.772 
2.767 
2.762 
2.756 
2.751 
2.746 
2.741 
2.735 
2.730 
2.724 

1.026 
1.038 
1.051 
1.063 
1.076 
1.087 
1.100 
1.112 
1.124 
1.136 
1.148 
1.160 
1.172 
1.184 
1.196 
1.208 
1.220 
1.232 
1.244 
1.266 

3.769 
3.768 
3.747 
3.741 
3.734 
8.728 
3.722 
8.715 
3.709 
3.702 
3.696 
3.689 
3.682 
3.676 
3.668 
3.661 
3.654 
3.647 
3.640 
3.638 

1.368 
1.384 
1.401 
1.417 
1.433 
1.450 
1.466 
1.482 
1.498 
1.515 
1.631 
1.547 
1.563 
1.579 
1.696 
1.611 
1.627 
1.648 
1.669 
1.676 

4.698 
4.691 
4.683 
4.676 
4.668 
4.660 
4.652 
4.644 
4.636 
4.628 
4.619 
4.611 
4.608 
4.594 
4.586 
4.577 
4.568 
4.660 
4.560 
4.541 

70° 
69* 
09* 
09* 
89° 
68* 
68* 
68* 

8r> 

671 
«7* 
^± 

or* 

66* 
06* 

661 

25° 
25* 
25* 
25* 
28° 

0.906 
0.904 
0.903 
0.901 
0.899 

0.423 
0.427 
0.431 
0.434 
0.438 

1.813 
1.809 
1.805 
1.801 
1.798 

0.845 
0.853 
0.861 
0.869 
0.877 

2.719 
2.713 
2.708 
2.702 
2.696 

1.268 
1.280 
1.292 
1.303 
1.315 

3.625 
3.618 
3.610 
3.603 
3.596 

1.690 
1.706 
1.722 
1.738 
1.758 

4.582 
4.522 
4.513 
4.508 
4.^4 

641 

64* 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

1 

2 

3 

4 
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^ 


• 
• 

8 

8 

7 

6 

0 

• 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

18° 
13* 
13* 
13* 
14° 
14* 
14* 
14* 

1.125 
1.146 
1.167 
1.188 
1.210 
1.231 
1.252 
1.278 

5.846 
5.840 
5.834 
6.828 
5.822 
5.815 
5.809 
5.802 

1.350 
1.375 
1.401 
1.426 
1.452 
1.477 
1.502 
1.528 

6.821 
6.814 
6.807 
6.799 
6.792 
6.785 
6.777 
6.769 

1.575 
1.604 
1.634 
1.664 
1.693 
1.723 
1.763 
1.782 

7.795 

7.787 
7.779 
7.771 
7.762 
7.754 
7.745 
7.736 

1.800 
1.834 
1.868 
1.902 
1.935 
1.969 
2.003 
2.037 

8.769 
8.760 
8.751 
8.742 
8.733 
8.723 
8.718 
8.703 

2.025 
2.063 
2.101 
2.189 
2.177 
2.216 
2.263 
2.291 

77° 

76* 
76* 
76* 
76° 

75* 
75* 
75* 

16° 

15* 
16° 
16* 
16* 
16* 
17° 
17* 
17* 
17* 
18° 
18* 
18* 

19° 

19* 
19* 
19* 

1.294 
1.315 
1.336 
1.357 
1.378 
1.399 
1.420 
1.441 
1.462 
1.483 
1.504 
1.524 
1.545 
1.566 
1.587 
1.607 
1.628 
1.648 
1.669 
1.690 

5.796 
5.789 
5.782 
5.775 
5.768 
5.760 
5.753 
5.745 
5.738 
5.730 
5.722 
5.714 
5.706 
5.698 
5.690 
5.682 
5.673 
5.665 
5.656 
5.647 

1.553 
1.578 
1.603 
1.629 
1.654 
1.679 
1.704 
1.729 
1.754 
1.779 
1.804 
1.829 
1.854 
1.879 
1.904 
1.929 
1.953 
1.978 
2.003 
2.028 

6.761 
6.754 
6.745 
6.737 
6.729 
6.720 
6.712 
6.703 
6.694 
6.685 
6.676 
6.667 
6.657 
.6.648 
6.638 
6.629 
6.619 
6.609 
6.598 
6.588 

1.812 
1.841 
1.871 
1.900 
1.929 
1.959 
1.988 
2.017 
2.047 
2.076 
2.105 
2.134 
2.163 
2.192 
2.221 
2.250 
2.279 
2.308 
2.337 
2.366 

7.727 
7.718 
7.709 
7.700 
7.690 
7.680 
7.671 
7.661 
7.650 
7.640 
7.630 
7.619 
7.608 
7.598 
7.587 
7.575 
7.564 
7.553 
7.641 
7.629 

2.071 
2.104 
2.138 
2.172 
2.205 
2.239 
2.272 
2.306 
2.339 
2.372 
2.406 
2.439 
2.472 
2.505 
2.538 
2.572 
2.605 
2.638 
2.670 
2.703 

8.693 
8.683 
8.673 
8.662 
8.661 
8.640 
8.629 
8.618 
8.607 
8.595 
8.583 
8.572 
8.560 
8.547 
8.536 
8.522 
8.510 
8.497 
8.484 
8.471 

2.329 
2.367 
2.405 
2.443 
2.481 
2.518 
2.656 
2.694 
2.631 
2.669 
2.706 
2.744 
2.781 
2.818 
2.866 
2.893 
2.930 
2.967 
3.004 
3.041 

75° 

74* 

?S 

74° 

73* 

73* 

73* 

73° 

72* 

72* 

72* 

72° 

71* 

71* 

7P 

70* 
70* 
70* 

20° 

20* 
20* 

^ 

21* 

21* 

21* 

22° 

22* 

22* 

22* 

23° 

23* 

23* 

23* 

24° 

24* 

24* 

24* 

1.710 
1.731 
1.751 
1.771 
1.792 
1.812 
1.833 
1.853 
1.873 
1.893 
1.913 
1.934 
1.954 
1.974 
1.994 
2.014 
2.034 
2.054 
2.073 
2.093 

5.638 
5.629 
5.620 
5.611 
5.601 
5.592 
5.582 
5.573 
5.563 
5.553 
5.543 
5.533 
5.523 
5.513 
5.502 
5.492 
5.481 
5.471 
5.460 
5.449 

2.052 
2.077 
2.101 
2.126 
2.150 
2.175 
2.199 
2.223 
2.248 
2.272 
2.296 
2.320 
2.344 
2.368 
2.392 
2.416 
2.440 
2.464 
2.488 
2.512 

6.578 
6.567 
6.557 
6.546 
6.535 
6.524 
6.513 
6.502 
6.490 
6.479 
6.467 
6.455 
6.444 
6.432 
6.419 
6.407 
6.395 
6.382 
6.370 
6.357 

2.394 
2.423 
2.461 
2.480 
2.509 
2.537 
2.566 
2.594 
2.622 
2.651 
2.679 
2.707 
2.735 
2.763 
2.791 
2.819 
2.847 
2.876 
2.903 
2.931 

7.518 
7.506 
7.493 
7.481 
7.469 
7.456 
7.443 
7.430 
7.417 
7.404 
7.391 
7.378 
7.364 
7.360 
7.336 
7.322 
7.308 
7.-294 
7.280 
7.265 

2.736 
2.769 
2.802 
2.834 
2.867 
2.900 
2.932 
2.964 
2.997 
3.029 
3.061 
3.094 
3.126 
3.168 
3.190 
3.222 
3.254 
3.286 
3.318 
3.349 

8.467 
8.444 
8.430 
8.416 
8.402 
8.388 
8.374 
8.369 
8.346 
8.330 
8.315 
8.300 
8.286 
8.269 
8.264 
8.238 
8.222 
8.206 
8.190 
8.173 

3.078 
3.116 
3.152 
3.189 
8.226 
3.262 
3.299 
3.336 
3.371 
3.408 
3.444 
8.480 
3.617 
3.653 
3.689 
3.625 
3.661 
8.696 
3.732 
3.768 

70° 

69* 

69* 

69* 

89° 

68* 

68* 

68* 

88° 

67* 

67* 

67* 

87° 

66* 

66* 

66* 

68° 

66* 

65* 

66* 

28° 
25* 
25* 

26° 

2.113 
2.133 
2.153 
2.172 
2.192 

5.438 
5.427 
5.416 
5.404 
5.393 

2,536 
2.559 
2.583 
2.607 
2.630 

6.344 
6.331 
6.318 
6.305 
6.292 

2.958 
2.986 
3.014 
3.041 
3.069 

7.250 
7.236 
7.221 
7.206 
7.190 

3.381 
3.413 
3.444 
3.476 
3.507 

8.167 
8.140 
8.123 
8.106 
8.089 

3.804 
3.839 
3.876 
3.910 
3.945 

85° 

64* 

64* 

64* 

84° 

• 

Lat. 

Dep. 

Trfit. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

TAt. 

• 

8 

8 

7 

8 

8 
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1 

2 

S 

4 

• 

TZ 

Lai. 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

26° 

26i 

26* 

261 

27° 

27i 

27* 

27* 

28° 

28* 

28* 

281 

29° 

29* 

29* 

291 

0.899 
0.897 
0.895 
0.893 
0.891 
0.889 
0.887 
0.885 
0.883 
0.881 
0.879 
0.877 
0.875 
0.872 
0.870 
0.868 

0.866 
0.864 
0.862 
0.859 
0.857 
0.855 
0.853 
0.850 
0.848 
0.846 
0.843 
0.841 
0.839 
0.836 
0.834 
0.831 
0.829 
0.827 
0.824 
0.822 

0.488 
0.442 
0.446 
0.450 
0.454 
0.458 
0.462 
0.466 
0.469 
0.473 
0.477 
0.481 
0.485 
0.489 
0.492 
0.496 

1.798 
1.794 
1.790 
1.786 
1.782 
1.778 
1.774 
1.770 
1.766 
1.762 
1.758 
1.753 
1.749 
1.745 
1.741 
1.736 

0.877 
0.885 
0.892 
0.900 
0.908 
0.916 
0.923 
0.931 
0.939 
0.947 
0.954 
0.962 
0.970 
0.977 
0.985 
0.992 

2.696 
2.691 
2.685 
2.679 
2.673 
2.667 
2.661 
2.655 
2.649 
2.643 
2.636 
2.630 
2.624 
2.617 
2.611 
2.606 

1.816 
1.327 
1.839 
1.360 
1.362 
1.374 
1.386 
1.397 
L408 
1.420 
1.431 
1.443 
1.454 
1.466 
1.477 
1.489 

3.596 
3.587 
3.680 
3.672 
3.664 
3.556 
3.648 
3.640 
8.632 
3.624 
3.516 
8.607 
3.498 
3.490 
3.481 
3.473 

1.768 
L7e9 
1.785 
1.800 
1.816 
1.831 
1.847 
1.862 
1.878 
L898 
1.909 
1.924 
L939 
1.954 
1.970 
1.986 

4.494 
4.484 
4.476 
4.466 
4.456 
4.445 
4.435 
4.425 
4.416 
4.404 
4.394 
4.884 
4.878 
4.362 
4.352 
4.841 

$40 

631 

S80 

«2| 

62* 

6^> 

6U 
61* 

60* 

30° 

30* 

30* 

30* 

31° 

31* 

31* 

31* 

32° 

32* 

32* 

32* 

33° 

33* 

33* 

33* 

34° 

34* 

34* 

34* 

0.500 
0.504 
0.508 
0.511 
0.515 
0.519 
0.522 
0.526 
0.530 
0.534 
0.537 
0.541 
0.545 
0.548 
0.552 
0.556 
0.559 
0.563 
0.566 
0.570 

0.574 
0.577 
0.581 
0.584 
0.588 
0.591 
0.595 
0.598 
0.602 
0.605 
0.609 
0.612 
0.616 
0.619 
0.623 
0.626 
0.629 

1.732 
1.728 
1.723 
1.719 
1.714 
1.710 
1.705 
1.701 
1.696 
1.691 
1.687 
1.682 
1.677 
1.673 
1.668 
1.663 
1.658 
1.653 
1.648 
1.643 

1.000 
1.008 
1.015 
1.023 
1.030 
1.038 
1.045 
1.052 
1.060 
1.067 
1.075 
1.082 
1.089 
1.097 
1.104 
1.111 
1.118 
1.126 
1.133 
1.140 

1.147 
1.154 
1.161 
1.168 
1.176 
1.183 
1.190 
1.197 
1.204 
1.211 
1.218 
1.224 
1.231 
1.238 
1.245 
1.252 
1.259 

2.598 
2.592 
2.585 
2.578 
2.572 
2.565 
2.558 
2.551 
2.544 
2.537 
2.530 
2.5'23 
2.516 
2.509 
2.502 
2.494 
2.487 
2.480 
2.472 
2.465 

1.600 
1.511 
1.523 
1.534 
1.545 
1.556 
1.667 
1.579 
1.590 
1.601 
1.612 
1.623 
1.634 
L645 
L656 
1.667 
1.678 
1.688 
1.699 
1.710 

8.464 
8.456 
3.447 
3.438 
3.429 
3.420 
3.411 
8.401 
3.392 
8.383 
8.874 
3.364 
3.366 
8.346 
3.336 
3.326 
3.316 
3.306 
3.297 
8.287 

2.000 
2.016 
2.030 
2.045 
2.060 
2.075 
2.090 
2.105 
2.120 
2.134 
2.149 
2.164 
2.179 
2.193 
2.208 
2.222 
2.237 
2.251 
2.266 
2.280 

4.330 
4.319 
4.308 
4.297 
4.286 
4.275 
4.263 
4.252 
4.240 
4.229 
4.217 
4.206 
4.193 
4.181 
4.169 
4.157 
4.145 
4.133 
4.121 
4.108 

80° 

59* 

59* 

59* 

59° 

58* 

58* 

58* 

58° 

57* 

57* 

67* 

57° 

56* 

56* 

66* 

56° 

55* 

55* 

65* 

35° 
35* 
35* 
35* 
36° 

36* 
37° 
37* 
37* 
37* 
38° 
38* 
38* 
38* 
39° 

0.819 
0.817 
0.814 
0.812 
0.809 
0.806 
0.804 
0.801 
0.799 
0.796 
0.793 
0.791 
0.788 
0.785 
0.783 
0.780 
0.777 

1.6.38 
1.633 
1.628 
1.623 
1.618 
1.613 
1.608 
1.603 
1.597 
1.592 
1.587 
1.581 
1.576 
1.571 
1.565 
1.560 
1.554 

2.457 
2.450 
2.442 
2.435 
2.427 
2.419 
2.412 
2.404 
2.396 
2388 
2.380 
2.372 
2.364 
2.356 
2.348 
2.340 
2.331 

1.721 
1.731 
1.742 
1.753 
1.763 
1.774 
1.784 
1.796 
1.806 
1.816 
1.826 
1.837 
1.847 
1.857 
1.868 
1.878 
1.888 

8.277 
3.267 
8.257 
3.246 
8.286 
8.226 
8.216 
3.205 
3.195 
3.184 
8.178 
8.168 
8.162 
3.141 
8.130 
8.120 
8.109 

2.294 
2.809 
2.828 
2.837 
2.861 
2.866 
2.879 
2.898 
2.407 
2.421 
2.486 
2.4tt 
2.468 
2.476 
2.490 
2.504 
2.517 

4.096 
4.083 
4.071 
4.058 
4.045 
4.032 
4.019 
4.006 
0.9'w 
8.960 
8.967 
8.968 
8.940 
8.927 
8.918 
8.899 
8.886 

550 

64* 

64* 

64* 

68* 

58° 

62* 

6U 
61* 

C 

• 

Dep. 

lAt. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat 

Dep. 

• 

1 

2 

3 

4 

• 

LATTTVDSS  AJ^D  D£PAltTU^ES. 


645 


• 

• 

• 

7 

8 

0 

Dep. 

Lat. 

Dep. 

TAt. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

2BO 

26* 

26* 

26} 

27° 

27* 

27* 

280 

28* 
28* 

2»* 
290 

29* 

29* 

29} 

2.192 
2.211 
2.231 
2.250 
2.270 
2.289 
2.309 
2.328 
2.347 
2.367 
2.386 
2.406 
2.424 
2.443 
2.462 
2.481 

5.393 
5.881 
5.370 
6.858 
5.346 
5.334 
6.322 
5.310 
5.298 
5.285 
6.273 
5.260 
6.248 
5.235 
6.222 
5.209 

2.630 
2.654 
2.677 
2.701 
2.724 
2.747 
2.770 
2.794 
2.817 
2.840 
2.863 
2.886 
2.909 
2.932 
2.955 
2.977 

6.292 
6.278 
6.265 
6.251 
6.287 
6.223 
6.209 
6.195 
6.181 
6.166 
6.152 
6.137 
6.122 
6.107 
6.093 
6.077 

3.069 
3.0% 
8.128 
8.151 
8.178 
3.205 
8.232 
8.259 
3.286 
3.813 
8.340 
3.367 
8.394 
8.420 
3.447 
8.474 

7.190 
7.175 
7.160 
7.144 
7.128 
7.112 
7.096 
7.080 
7.064 
7.047 
7.081 
7.014 
6.997 
6.980 
6.963 
6.946 

8.507 
8.688 
8.670 
3.601 
3.632 
3.663 
8.694 
3.725 
8.756 
8.787 
8.817 
8.848 
3.878 
8.909 
8.939 
3.970 

8.069 
8.072 
8.064 
8.087 
8.019 
8.001 
7.968 
7.966 
7.947 
7.928 
7.909 
7.891 
7.872 
7.852 
7.883 
7.814 

8.946 
8.981 
4.016 
4.051 
4.086 
4.121 
4.156 
4.190 
4.225 
4.260 
4.294 
4.329 
4.368 
4.398 
4.432 
4.466 

640 

68} 

it 

88° 
62} 
62* 
62* 
62° 
61} 
61* 

60} 
60* 
60* 

30© 

30* 

30* 

30} 
3|o 

31* 

31* 

31} 

320 

32* 

32* 

^i 

330 
33* 
33* 

340 
34* 

m 

34} 

2.500 
2.519 
2.538 
2.556 
2.575 
2.594 
2.612 
2.631 
2.650 
2.668 
2.686 
2.706 
2.723 
2.741 
2.760 
2.778 
2.796 
2.814 
2.832 
2.850 

5.196 
5.188 
5.170 
5.156 
5.148 
6.129 
5.116 
5.102 
6.088 
5.074 
5.060 
6.046 
5.032 
5.018 
6.008 
4.989 
4.974 
4.960 
4.945 
4.930 

8.000 
3.023 
3.045 
3.068 
3.090 
3.118 
3.185 
8.157 
3.180 
8.202 
8.224 
3.246 
3.268 
3.290 
3.312 
3.333 
8.355 
3.377 
8.398 
8.420 

6.062 
6.047 
6.031 
6.016 
6.000 
6.984 
5.968 
5.952 
5.936 
5.920 
5.904 
5.887 
5.871 
5.854 
5.837 
5.820 
5.803 
5.786 
5.769 
5.752 

3.500 
8.526 
8.558 
8.579 
8.605 
3.681 
8.667 
3.688 
8.709 
8.735 
3.761 
3.787 
8.812 
8.838 
3.864 
3.889 
3.914 
3.940 
3.965 
3.990 

6.928 
6.911 
6.893 
6.875 
6.857 
6.839 
6.821 
6.803 
6.784 
6.766 
6.747 
6.728 
6.709 
6.690 
6.671 
6.652 
6.632 
6.613 
6.598 
6.578 

4.000 
4.030 
4.060 
4.090 
4.120 
4.150 
4.180 
4.210 
4.239 
4.269 
4.298 
4.328 
4.357 
4.386 
4.416 
4.445 
4.474 
4.502 
4.531 
4.560 

7.794 
7.775 
7.755 
7.785 
7.715 
7.694 
7.674 
7.658 
7.632 
7.612 
7.591 
7.569 
7.548 
7.527 
7.505 
7.483 
7.461 
7.439 
7.417 
7.395 

4.500 
4.534 
4.568 
4.602 
4.635 
4.669 
4.702 
4.736 
4.769 
4.802 
4.836 
4.869 
4.902 
4.935 
4.967 
5.000 
5.033 
6.065 
5.098 
5.130 

80° 

59} 

59* 

59* 

59° 

58} 

68* 

58* 

58° 

57} 

57* 

57* 

57° 

66} 

56* 

56* 

58° 

55} 

56* 

55* 

350 

35* 

3H 
35} 
380 
36* 
36* 

86} 
370 

37* 

37* 

37} 

38° 

38* 

38* 

88} 
390 

2.868 
2.886 
2.904 
2.921 
2.939 
2.957 
2.974 
2.992 
3.009 
3.026 
8.044 
3.061 
3.078 
3.095 
3.113 
3.130 
8.147 

4.915 
4.900 
4.885 
4.869 
4.854 
4.839 
4.823 
4.808 
4.792 
4.776 
4.760 
4.744 
4.728 
4.712 
4.696 
4.679 
4.663 

8.441 
3.463 
8.484 
3.505 
3.527 
8.548 
8.569 
8.590 
3.611 
3.632 
3.653 
3.673 
3.694 
3.715 
8.735 
3.756 
8.776 

5.734 
5.716 
5.699 
5.681 
5.663 
5.645 
5.627 
5.609 
5.590 
5.572 
5.554 
5.535 
5.516 
5.497 
5.478 
5.459 
5.440 

4.015 
4.040 
4.065 
4.090 
4.115 
4.139 
4.164 
4.188 
4.213 
4.237 
4.261 
4.286 
4.310 
4.334 
4.358 
4.381 
4.405 

6.553 
6.533 
6.513 
6.493 
6.472 
6.452 
6.431 
6.410 
6.389 
6.368 
6.347 
6.326 
6.304 
6.283 
6.261 
6.239 
6.217 

4.589 
4.617 
4.646 
4.674 
4.702 
4.730 
4.759 
4.787 
4.815 
4.842 
4.870 
4.898 
4.925 
4.953 
4.980 
5.007 
5.035 

7.372 
7.850 
7.327 
7.304 
7.281 
7.258 
7.235 
7.211 
7.188 
7.164 
7.140 
7.116 
7.092 
7.068 
7.043 
7.019 
6.994 

5.162 
5.194 
5.226 
5.258 
5.290 
5.322 
5.353 
5.385 
5.416 
5.448 
5.479 
5.510 
5.541 
5.572 
5.603 
5.633 
5.664 

55° 

54} 

54* 

54* 

54° 

53} 

53* 

53* 

53° 

52} 

52* 

52* 

52° 

51} 

51* 

5P 

Bearing. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

m 

S 

6 

7 

8 

8 

544 


LATITUDES  AND  DEPABTUMES, 


« 

1 

t 

8 

4 

• 

^». 

k 

k 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

390 

0.777 

0.629 

1.554 

1.259 

2.331 

1.888 

3.109 

2.517 

8.886 

bf> 

m 

0.774 

0.633 

1.549 

1.265 

2.323 

1.898 

8.098 

2.531 

8.872 

501 

m 

0.772 

0.636 

1.543 

L272 

2.816 

L908 

8.086 

2.544 

8.858 

50* 

m 

0.769 

0.639 

1.588 

1.279 

2.307 

1.918 

8.075 

2.558 

8.844 

50* 

40O 

0.766 

0.648 

1.532 

1.286 

2.298 

L928 

8.064 

2.571 

8.880 

500 

40J 

0.763 

0.646 

1.526 

1.292 

2.290 

1.938 

8.058 

2.584 

8.816 

491 

40^ 

0.760 

0.649 

1.521 

1.299 

2.281 

1.948 

8.042 

2.598 

8.802 

49* 

401 

0.758 

0.653 

1.515 

1.306 

2.273 

1.968 

8.030 

2.611 

8.788 

49* 

4|0 

0.755 

0.656 

1.509 

1.312 

2.264 

1.968 

8.019 

2.624 

8.774 

490 

411 

0.752 

0.659 

1.504 

1.319 

2.256 

1.978 

3.007 

2.637 

8.759 

48f 

41t 

0.749 

0.663 

1.498 

1.325 

2.247 

1.968 

2.996 

2.650 

8.745 

48* 

411 

0.746 

0.666 

1.492 

1.332 

2.238 

1.998 

2.984 

2.664 

8.780 

48* 

420 

0.743 

0.669 

1.486 

1.338 

2.229 

2.007 

2.978 

2.677 

8.716 

4«o 

42i 

0.740 

0.672 

1.480 

1.345 

2.221 

2.017 

2.961 

2.689 

3.701 

47* 

42* 

0.737 

0.676 

1.475 

1.351 

2.212 

2.027 

2.949 

2.702 

3.686 

47* 

421 

0.734 

0.679 

1.469 

1.358 

2.203 

2.036 

2.937 

2.715 

3.672 

47* 

4S° 

0.731 

0.682 

1.463 

1.364 

2.194 

2.046 

2.925 

2.728 

8.657 

470 

43i 

0.728 

0.685 

1.457 

1.370 

2.185 

2.056 

2.918 

2.741 

3.642 

461 

43i 

0.725 

0.688 

1.451 

1.377 

2.176 

2.065 

2.901 

2.753 

3.627 

46* 

431 

0.722 

0.692 

1.445 

1.383 

2.167 

2.075 

2.889 

2.766 

3.612 

46* 

440 

0.719 

0.695 

1.439 

1.389 

2.158 

2.084 

2.877 

2.779 

3.597 

4e<> 

44i 

0.716 

0.698 

1.433 

1.396 

2.149 

2.093 

2.865 

2.791 

3.582 

46* 

44i 

0.713 

0.701 

1.427 

1.402 

2.140 

2.103 

2.858 

2.804 

3.566 

45* 

441 

0.710 

0.704 

1.420 

1.408 

2.131 

2.112 

2.841 

2.816 

3.551 

45* 

450 

0.707 

0.707 

1.414 

1.414 

2.121 

2.121 

2.828 

2.828 

8.536 

450 

Btar- 
ing. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

TAt. 

Dep. 

Btar- 

ing. 

e 

S 

e 

\ 

7 

8 

9 

^_«_ 

Ib 

hm 

39° 

Dep. 

Lat. 

Dep. 

TAt. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

z 

3.147 

4.663 

3.776 

5.440 

4.405 

6.217 

5.035 

6.994 

6.664 

5|0 

39i 

3.164 

4.646 

3.796 

5.421 

4.429 

6.195 

5.062 

6.970 

5.694 

501 

39i 

3.180 

4.630 

3.816 

5.401 

4.453 

6.173 

5.089 

6.945 

5.725 

50* 

891 

3.197 

4.613 

3.837 

5.382 

4.476 

6.151 

5.116 

6.920 

5.755 

50* 

40° 

3.214 

4.596 

3.857 

5.362 

4.500 

6.128 

5.142 

6.894 

5.785 

50° 

40i 

3.231 

4.579 

3.877 

5.343 

4.523 

6.106 

5.169 

6.869 

5.815 

491 

4(H 

3.247 

4.562 

3.897 

5.323 

4.546 

6.063 

6.196 

6.844 

5.845 

49* 

401 

3.264 

4.545 

3.917 

5.303 

4.569 

6.061 

5.222 

6.818 

5.876 

^ 

41° 

3.280 

4.528 

3.936 

5.283 

4.592 

6.038 

5.248 

6.792 

5.905 

4U 

3.-297 

4.511 

3.956 

5.263 

4.615 

6.015 

5.275 

6.767 

5.934 

48} 

411 

3.313 

4.494 

3.976 

5.243 

4.638 

5.992 

5.301 

6.741 

5.964 

48* 

3.329 

4.476 

3.995 

5.222 

4.661 

6.968 

5.827 

6.715 

5.998 

48* 

420 

3.346 

4.459 

4.015 

5.202 

4.684 

5.945 

5.858 

6.688 

6.022 

4r> 

42i 

3.362 

4.441 

4.034 

5.182 

4.707 

5.922 

5.379 

6.662 

6.051 

471 

42* 

3.378 

4.424 

4.054 

5.161 

4.729 

5.898 

5.406 

6.635 

6.080 

47* 

42» 

3.394 

4.406 

4.073 

5.140 

4.752 

5.876 

5.430 

6.609 

6.109 

^± 

43° 

3.410 

4.388 

4.092 

5.119 

4.774 

5.851 

5.456 

6.582 

6488 

4J^ 

43i 

3.426 

4.370 

4.111 

5.099 

4.796 

5.827     5.481  1 

6.555 

6J67 

461 

43* 

3.442 

4.352 

4.130 

6.078 

4.818 

5.808 

5.507 

6.628 

6JS6 

46* 

^. 

3.458 

4.334 

4.149 

6.057 

4.841 

5.779 

5.532 

6.501 

6.» 

4m 

U° 

8.473 

4.316 

4.168 

5.035 

4.868 

5.755 

5.567 

6.474 

6.9tt 
6.S89 

4^ 

lit 

3.489 

4.298 

4.187 

5.014 

4.885 

5.730 

5.582 

6.447 

4jU 

44* 

3.505 

4.280 

4.206 

4.993 

4.906 

5.706 

5.607 

6.419 

6J66 

45r 

441 

3.520 

4.261 

4.224 

4.971 

4.928 

5.681 

5.632 

6.892 

Sfil 

4^ 

43° 

3.536 

4.243 

4.243 

4.950 

4.950 

5.657 

5.657 

6.864 

Sr 

Btar- 
ing. 

lAt. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat 

•Mr. 

CIRCUMFERENCES,  AND  AREAS. 
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^ 


SQUARES,  CUBES,  SQUARE  AND  CUBE  ROOTS. 
CIRCUMFERENCES,  AND  AREAS. 


N«. 

Square. 

Cab*. 

Sq.  Boot. 

Ca.Boot. 

Beolprooal. 

Olroom. 

Ana. 

1 

1 

1 

1.0000 

1.0000 

1.000000000 

8.1416 

0.7854 

2 

4 

8 

1.4142 

1.2599 

.500000000 

6.2832 

3.1416 

3 

9 

27 

1.7321 

1.4422 

.333333333 

9.4248 

7.0686 

4 

16 

64 

2.0000 

1.5874 

.250000000 

12.5664 

12.5664 

5 

25 

125 

2.2361 

1.7100 

.200000000 

15.7080 

19.635 

6 

86 

216 

2.4495 

1.8171 

.166666667 

18.850 

28.274 

7 

49 

848 

2.6458 

1.9129 

.142857148 

21.991 

88.485 

8 

64 

512 

2.8284 

2.0000 

.125000000 

25.133 

50.266 

9 

81 

729 

8.0000 

2.0801 

.111111111 

28.274 

68.617 

10 

100 

1,000 

3.1623 

2.1544 

.100000000 

81.416 

78.540 

11 

121 

1,831 

8.3166 

2.2240 

.090909091 

34.558 

96.033 

12 

144 

1,728 

8.4641 

2.2894 

.083333333 

87.699 

113.10 

18 

169 

2,197 

8.6056 

2.3513 
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257,259,456 

258,474,853 

259,694,072 

260,917,119 

262,144,000 

263,374,721 

264,609,288 

265,847,707 

267,089,984 

268,336,125 

269,585,136 

270,840,023 

272,097,792 

273,359,449 

274,626,000 

275,894,451 

277,167,808 

278,445,077 

279,726,264 

281,011,375 

282,300,416 

283,593,393 

284,890,312 

286,191,179 

287,496,000 

288,804,781 

290,117,528 

291,434,247 

292,754,944 

294,079,625 

296,408,296 

296,740,963 

298,077,632 

299,418,309 

300,763,000 

302,111,711 

303,464,448 

304,821,217 

306,182,024 

307,546,875 

308,915,776 

310,288,733 

311,665,752 

313,046,839 

314,432,000 

315,821,241 

317,214,568 

318,611,987 

320,013,504 

321,419,125 


Sq.  Boot. 


24.9600 

24.9800 

25.0000 

26.0200 

25.0400 

25.0599 

25.0799 

25.0998 

25.1197 

25.1396 

25.1595 

25.1794 

25.1992 

26.2190 

25.2389 

25.2687 

26.2784 

26.2982 

25.3180 

25.3377 

25.3674 

25.3772 

25.8%9 

25.4165 

26.4362 

25.4658 

25.4755 

25.4951 

25.5147 

26.5343 

25.5639 

25.5734 

26.6930 

26.6126 

26.6320 

26.6516 

25.6710 

26.6906 

25.7099 

26.7294 

26.7488 

25.7682 

26.7876 

26.8070 

25.8263 

25.8457 

26.8650 

25.8844 

25.9037 

26.9230 

26.9422 

26.9616 

26.9808 

26.0000 

26.0192 

26.0384 

26.0576 

26.0768 

26.0960 

26.1161 

26.1343 

26.1634 

26.1725 


Ga.  Root. 


8.5408 

8.5453 

8.5499 

8.5544 

8.5589 

8.5635 

8.6681 

8.6726 

8.6772 

8.6817 

8.5862 

8.6907 

8.5952 

8.5997 

8.6043 

8.6088 

8.6132 

8.6177 

8.6222 

8.6267 

8.6312 

8.6357 

8.6401 

8.6446 

8.6490 

8.6635 

8.6679 

8.6624 

8.6668 

8.6718 

8.6757 

8.6801 

8.6845 

8.6890 

8.6934 

8.6978 

8.7022 

8.7066 

8.7110 

8.7154 

8.7198 

8.7241 

8.7285 

8.7329 

8.7373 

8.7416 

8.7460 

8.7503 

8.7547 

8.7590 

8.7634 

8.7677 

8.T721 

8.7764 

8.7807 

8.7850 

8.7893 

8.7937 

8.7980 

8.8023 

8.8066 

8.8109 

8.8152 


Beolprooal. 


.001605136 

.001602564 

.001600000 

.001597444 

.001594896 

.001592857 

.001589625 

.001587302 

.001584786 

.001582278 

.001579779 

.001677287 

.001574803 

.001572327 

.001569669 

.001567398 

.001664945 

.001662500 

.001560062 

.001557632 

.001565210 

.001652795 

.001560388 

.001547988 

.001545595 

.001543210 

.001640832 

.001638462 

.001636098 

.001533742 

.001531394 

.001629052 

.001626718 

.001524390 

.001622070 

.001619751 

.001617461 

.001515152 

.001512859 

.001510574 

.001508296 

.001506024 

.001503759 

.001601502 

.001499260 

.001497006 

.001494768 

.001492587 

.001490313 

.001488095 

.001486884 

.001483680 

.001481481 

.001479290 

.001477106 

.001474926 

.001472754 

.001470688 

.001468429 

.001466276 

.001464129 

.001461988 

.001459854 


Ciroam. 


Area. 


1,957.21 

1,960.35 

1,963.50 

1,966.64 

1,969.78 

1,972.92 

1,976.06 

1,979.20 

1,982.35 

1,985.49 

1,988.63 

1,991.77 

1,994.91 

1,998.05 

2,001.19 

2,004.34 

2,007.48 

2,010.62 

2,013.76 

2,016.90 

2,020.04 

2,023.19 

2,026.33 

2,029.47 

2,032.61 

2,036.75 

2,038.89 

2,042.04 

2,046.18 

2,048.32 

2,061.46 

2,054.60 

2,067.74 

2,060.88 

2.064.03 

2,067.17 

2,070.31 

2,073.46 

2,076.69 

2,079.73 

2,082.88 

2,086.02 

2,089.16 

2,092.30 

2,096.44 

2,098.68 

2,101.73 

2,104.87 

2,108.01 

2,111.16 

2,114.29 

2,117.43 

2,120.68 

2,123.72 

2,126.86 

2,130.00 

2,133.14 

2,136.28 

2,139.42 

2,142.57 

2,145.71 

2,148.85 

2,151.99 


304,835.80 

305,815.20 

306,796.16 

307,77a69 

308,762.79 

309,748.47 

310,735.71 

311,724.53 

312,714.92 

313,706.88 

314,700.40 

315,695.50 

316,692.17 

317,690.42 

318,690.23 

319.691.61 

320,694.66 

321,699.09 

322.706.18 

323,712.85 

324,7-22.09 

325,732.89 

326,746.27 

327,769.22 

328,774.74 

329,791.83 

330,810.49 

331,830.72 

332,862.53 

333,876.90 

334,900.86 

336,927.36 

336,956.46 

337,986.10 

339,016.33 

340,049.13 

341,083.60 

342,119.44 

343,156.95 

344,196.03 

345,236.69 

346,278.91 

347,322.70 

348,368.07 

349,416.00 

350,463.51 

361,613.59 

362,566.24 

353,618.45 

354,673.24 

355,729.60 

356,787.54 

367,847.04 

358,908.11 

369,970.76 

361,034.97 

362,100.75 

363,168.11 

364,237.04 

365,307.54 

366,379.60 

367,463.24 

368,528.45 


19-A 


BQVASES,  CUBES,  SqUASE  AITV  CUBE  BOOTS, 


Hi. 

*™. 

0,^. 

^.^ 

O.E«. 

b-p™l 

c^ 

^ 

«Be 

470,596 

26.1916 

8  8194 

JXI1467736 

2,165.13 

869  605.21 

6«7 

47?969 

6W 

473,844 

28.2298 

8.82a0 

.001463488 

^161.42 

6S> 

474,721 

26.2488 

8.8328 

.001461S7B 

2,164.66 

«90 

476^100 

8.8366 

691 

477,481 

26:2869 

8.8408 

478,884 

26.3069 

8.8451 

m 

480.249 

26.3249 

7,186.68 

481,636 

26.3439 

13,276.03 

483,028 

26.3629 

8.8678 

JXa48884» 

a7S,366.96 

696 

484,416 

26.3818 

.001430781 

2.186.S6 

880,459.14 

485,809 

8.8668 

jNustiao 

2,lS9.m 

1,663.50 

4S73M 

8.8706 

.00I433B6B 

i.649.13 

488,601 

26.4386 

8.8748 

t.746.33 

TOO 

490,000 

.0Di4S8en 

84,846.10 

491,401 

985,045.44 

492,8M 

26.4953 

8.8875 

|on424eM 

7,047.36 

7U3 

494,209 

26.5141 

8.S917 

jon^Mb 

S.160.84 

7M 

465,616 

».3£6.9a 

4«^025 

0,862.62 

498.436 

26.5707 

8.9043 

707 

499,849 

8.«08a 

708 

501,264 

jmaaat 

502,«ei 

28:6271 

8.9169 

4,804.73 

5«,100 

26.6458 

8.9211 

6,919.21 

711 

8.9253 

.001406470 

W,035,!B 

712 

506^944 

»,I62.S9 

606,369 

28.7021 

8:9337 

:0014028!6 

>9,272.08 

609,7% 

26.7208 

.001400660 

I0,39i84 

715 

.001396601 

>1 ,615.13 

36:7582 

8:9462 

M2.639.08 

514,089 

^7769 

8.950S 

:001394700 

«8,7e4.56 

718 

615,524 

.001S12768 

404,891.60 

719 

516,961 

,001390811 

406,020.22 

513,400 

26.8328 

8.9628 

.0^^ 

!.2H.II5 

407,160.41 

519,841 

26.8514 

8.9870 

408,282.17 

722 

iioisaeo42 

9,416.50 

.001388136 

l>.66a4D 

624,176 

26:9072 

8.9794 

.0018812111 

!,27t!Gl 

i^68a.fr7 

525,625 

26.9258 

8B835 

2,834.91 

728 

627,076 

:oo^^ 

727 

8.9918 

,001376516 

529,984- 

26.9815 

8.9959 

^■** 

531,441 

9.0001) 

.001371741 

730 

532,900 

9.0041 

jxnsaoets 

27:0370 

9.0082 

9.686.16 

6S5;8ai 

27.0555 

9.oias 

.001366120 

rsMs 

11^886.1 

733 

,0013«4SM 

vx&n 

t.S8B.T9 

63a!  756 

27:0924 

^n 

540,225 

27.1109 

73« 

737 

5t.l'l69 

.OQlHMn 

738 

544,644 

27:i662 

9:0369 

546,121 

27.1846 

9-0410 

40 

547,600 

41 

42 

55a]564 

Z7:2397 

9:0532 

■MlUfi 

43 

552.M9 

27.2580 

9.0672 

«B,n&37 

MflmS 

27:si30 

b:0694 

ffi 

558,0M 

i?:^^ 

9.07M 

iss^ 

ass 

SSISS 

dSCVHFESEKCES,  AND  ARXAB. 


B99.IW8 

802,176 
603,729 

«oe.8U 

808,400 


.oomsBse 

.l»12722es 

.ooiinoMS 

!0(H267427 
.001265833 
.C012642S3 
.001202620 
.001281011 
JDOI260US 

.missTSflz 

.oai!M70& 

.Dai2GS13S 
.001261361 
.OOISSOOOO 

.001248136 
.001248883 

.001248781 
.0ai«22SS 

.ooi24oea6 


Z,SIB.4g 

^888.78 
2,371.10 

vmM 

2,378.19 
2,381.33 

2,387.61 
2,390.76 


2,422.17 
2,425.81 

%42S.4E 
2,431.59 


2,447.30 
^460.44 
2,4G3J18 
S^466.13 


440,609.16 
441,786.47 
44%98&.SS 
414,145.86 

445,827.83 
446,611.42 

(47.686.69 
H3.883.82 
450,071.63 
151.26!.  n 
452,452.96 
t53.615.9§ 
154.810.57 
ia6,a86.T3 
"7,231.46 


2,46SJ5  |488,98].9S 


2,48&14  192.651.99 


SQUARES,  CUBES,  BdUABB  ASD  CUBE  SOOTS, 


CmCVMFESEKCES.  AND  AREAS.  t 


SQUARES,  CUBES,  SQUARE  A 


CIRCUMFERENCES  AND  AREAS  OF  CIRCLES, 


561 


CIRCUMFERENCES  AND  AREAS  OF   CIRCLES 

FROM  1-64  TO  100. 


Diam. 

Circum. 

Area. 

Diam. 

Circum. 

Area. 

Diam. 

Circum. 

Area. 

A 

.0491 

.0002 

6 

18.8496 

28.2744 

13* 
13* 

41.2335 

135.297 

^ 

.0982 

.0008 

^ 

19.2423 

29.4648 

41.6262 

137.887 

S 

.1963 

.0"31 

19.6350 

30.6797 

18* 
13* 

42.0189 

140.501 

Jl 

.3927 

.0123 

6i 

20.0277 

31.9191 

42.4116 

143.189 

.5890 

.0276 

6i 

20.4204 

33.1831 

18* 

42.8043 

145.802 

A 

.7854 

.0491 

6f 

20.8131 

34.4717 

18* 

43.1970 

148.490 

.9817 

.0767 

6* 

21.2058 

35.7848 

13* 

43.5897 

161.202 

A 

1.1781 

.1104 

6J 

21.5985 

37.1224 

14 

43.9824 

163.938 

1.3744 

.1503 

7 

21.9912 

38.4846 

14* 
14* 

44.3751 

156.700 

A 

1.5708 

.1963 

7i 

7} 

22.3839 

39.8713 

44.7678 

159.485 

1.7671 

.2485 

22.7766 

41.2826 

14* 
14* 

45.1605 

162.296 

y 

1.9635 

.3068 

7f 

23.1693 

42.7184 

45.5532 

165.130 

H 

2.1598 

.3712 

7* 

23.5620 

44.1787 

14* 

45.9459 

167.990 

2.3562 

.4418 

71 

23.9547 

45.6636 

14* 

46.3386 

170.874 

2.5525 

.5185 

7* 

24.3474 

47.1731 

14* 

46.7313 

173.782 

■z 

2.7489 

.6013 

7J 

24.7401 

48.7071 

15 

47.1240 

176.715 

H 

2.9452 

.6903 

8 

25.1328 

50.265C 

ill 

47.5167 

179.673 

1 

3.1416 

.7854 

it 

25.5255 

51.8487 

47.9094 

182.655 

H 

3.5343 

.9940 

25.9182 

53.4563 

15* 

48.3021 

185.661 

3.9270 

1.2272 

8f 

26.3109 

55.0884 

15* 

48.6948 

188.692 

If 

4.3197 

1.4849 

8i 

26.7036 

56.7451 

15* 

49.0875 

191.748 

1* 

4.7124 

1.7671 

8t 

27.0963 

58.4264 

15* 

49.4802 

194.828 

i| 

5.1051 

2.0739 

8J 

27.4890 

60.1322 

15* 

49.8729 

197.933 

1* 

5.4978 

2.4053 

8f 

27.8817 

61.8625 

16 

50.2666 

201.062 

i| 

5.8905 

2.7612 

9 

28.2744 

63.6174 

16* 

50.6583 

204.216 

2 

6.2832 

3.1416 

t 

28.6671 

65.3968 

16* 

51.0510 

207.395 

ii 

6.6759 

3.5466 

29.0598 

67.2008 

16* 

61.4437 

210.598 

7.0686 

3.9761 

n 

29.4525 

69.0293 

16* 

61.8364 

213.825 

2f 

7.4613 

4.4301 

9i 

29.8452 

70.8823 

iH 

52.2291 

217.077 

2* 

7.8540 

4.9087 

91 

30.2379 

72.7599 

62.6218 

220.354 

2t 

8.2467 

5.4119 

91 

30.6306 

74.6621 

16* 

63.0145 

223.655 

2f 

8.6394 

5.9396 

9J 

31.0233 

76.589 

17 

63.4072 

226.981 

2J 

9.0321 

6.4918 

10 

31.4160 

78.540 

17* 
17* 

63.7999 

230.831 

3 

9.4248 

7.0686 

l?t 

31.8087 

80.516 

64.1926 

283.70d 

3} 

9.8175 

7.6699 

32.2014 

82.516 

17* 

64.5853 

237.105 

10.2102 

8.2958 

101 

32.5941 

84.541 

17* 

54.9780 

240.529 

3| 

10.6029 

8.9462 

10^ 

32.9868 

86.590 

17* 

65.3707 

243.977 

3* 

10.9956 

9.6211 

101 

33.3795 

88.664 

17* 

65.7634 

247.450 

3t 

11.3883 

10.3206 

10* 

33.7722 

90.763 

17* 

56.1561 

250.948 

31 

11.7810 

11.0447 

lOJ 

34.1649 

92.886 

18 

56.5488 

254.470 

3f 

12.1737 

11.7933 

11 

34.5576 

95.033 

18* 
18* 

66.9415 

258.016 

4 

12.5664 

12.5664 

lU 
11} 

34.9503 

97.205 

57.3342 

261.587 

t 

12.9591 

13.3641 

35.3430 

99.402 

18* 

67.7269 

265.183 

18.3518 

14.1863 

Hi 

35.7357 

101.623 

18* 

58.1106 

268.803 

H 

13.7445 

15.0330 

11* 

36.1284 

103.869 

18* 

68.5123 

272.448 

4i 

14.1372 

15.9043 

Uf 

36.5211 

106.139 

18* 

58.9050 

276.117 

4| 

14.5299 

16.8002 

ii# 

36.9138 

108.434 

18* 

69.2977 

279.811 

4# 

14.9226 

17.7206 

11* 

37.3065 

110.754 

19 

69.6904 

288.529 

4| 

15.3153 

18.6555 

12 

37.6992 

113.098 

iS 

60.0831 

287.272 

5 

15.7080 

19.6350 

12i 
12: 

38.0919 

115.466 

60.4758 

291.040 

5|' 

16.1007 

20.6290 

38.4846 

117.859 

19* 

60.8685 

294.832 

54- 

16.4934 

21.6476 

121 

38.8773 

120.277 

19* 

61.2612 

298.648 

3 

16.8861 

22.6907 

12* 

39.2700 

122.719 

19* 

61.6539 

302.489 

17.2788 

23.7583 

m 

39.6627 

125.185 

19* 

62.0466 

306.355 

51 

17.6715 

24.8505 

12# 

40.0554 

127.677 

19* 

62.4393 

310.246 

5* 

18.0642 

25.9673 

m 

,40.4481 

130.192 

20 

62.8820 

814.160 

5t 

,18.4569 

27.1086 

13 

40.8408 

132.733 

20* 

63^2247 

318.099 

562 


CIRCUMFERENCES  AND  AREAS  OF  CIRCLES, 


Diam. 


20i 
20f 

201 

20i 

21 

2U 

2U 

211 

2U 

21i 

211 

2U 

22 

22^ 

22} 

22i 

22^ 

221 

22} 

22i 

23 

231 

23i 

231 

23^ 

231 

231 

23i 

24 

24 

24 

241 

24i 

24» 

24} 

2§l 


25i 

251 

25J 

26 

26| 

26} 

26i 

26i 

261 

26} 

26i 

27 

i?l 

27i 
27* 
27i 
27} 
271 
28 


Giicum. 


63.6174 
64.0101 
64.4028 
64.7955 
65.1882 
65.5809 
65.9736 
66.3663 
66.7590 
67.1517 
67.5444 
67.9371 
68.3298 
68.7225 
69.1152 
69.5079 
69.9006 
70.2933 
70.6860 
71.0787 
71.4714 
71.8641 
72.2568 
72.6495 
73.0422 
73.4349 
73.8276 
74.2203 
74.6130 
75.0057 
75.3984 
75.7911 
76.1838 
76.5765 
76.9692 
77.3619 
77.7546 
78.1473 
78.5400 
78.9327 
79.3254 
79.7181 
80.1108 
80.5035 
80.8962 
81.2889 
81.6816 
82.0743 
82.4670 
82.8597 
83.2524 
83.6451 
84.0378 
84.4305 
84.8232 
85.2159 
85.6086 
86.0013 
86.3940 
86.7867 
87.1794 
87.6721 
87.9648 


Area. 


322.063 
326.051 
330.061 
334.102 
838.164 
342.250 
346.361 
350.497 
354.657 
358.842 
363.051 
367.285 
371.643 
375.826 
380.134 
384.466 
388.822 
393.203 
397.609 
402.038 
406.494 
410.973 
415.477 
420.004 
424.658 
429.135 
433.737 
438.364 
443.015 
447.690 
452.390 
457.115 
461.864 
466.638 
471.436 
476.259 
481.107 
485.979 
490.875 
495.796 
500.742 
505.712 
510.706 
515.726 
520.769 
525.838 
530.930 
536.048 
541.190 
546.356 
551.547 
556.763 
562.003 
567.267 
572.557 
577.870 
583.209 
588.571 
593.959 
599.371 
604.807 
610.268 
615.754 


Diam. 


28| 
28i 
281 
28* 
281 
28} 
281 
29 

29I 
29f 
29* 
291 
29} 
291 
30 


f 


301 

30* 

301 

30} 

30* 

31 

31 

31 

31* 

31* 

311 

31} 

31* 

32 

32* 

32* 

321 

32* 

321 

32} 

32* 

33 

33* 

33} 

33* 

33* 

33* 

33} 

33* 

34 

34* 

34} 

34* 

34* 

34* 

34} 

34* 

35 

35* 

35} 

35* 

35* 

351 

35} 

35* 


Oircum. 


88.3575 
88.7502 
89.1429 
89.5356 
89.9283 
•  90.3210 
90.7137 
91.1064 
91.4991 
91.8918 
92.2845 
92.6772 
93.0699 
93.4626 
93.8553 
94.2480 
94.6407 
95.0334 
95.4261 
95.8188 
96.2115 
96.6042 
96.9969 
97.3896 
97.7823 
98.1750 
98.5677 
98.9604 
99.3531 
99.7458 
100.1385 
100.5312 
100.9239 
101.3166 
101.7093 
102.1020 
102.4947 
102.8874 
103.280 
103.673 
104.065 
104.458 
104.851 
105.244 
105.636 
106.029 
106.422 
106.814 
107.207 
107.600 
107.992 
108.385 
108.778 
109.171 
109.563 
109.956 
110.349 
110.741 
111.134 
111.527 
111.919 
112.312 
112.705 


Area. 


621.264 
626.798 
632.357 
637.941 
643.549 
649.182 
654.840 
660.521 
666.228 
671.959 
677.714 
683.494 
689.299 
695.128 
700.982 
706.860 
712.763 
718.690 
724.642 
730.618 
736.619 
742.645 
748.695 
754.769 
760.869 
766.992 
773.140 
779.313 
785.510 
791.732 
797.979 
804.250 
810.545 
816.865 
823.210 
829.579 
835.972 
842.391 
848.833 
855.301 
861.792 
868.309 
874.850 
881.415 
888.005 
894.620 
901.259 
907.922 
914.611 
921.323 
928.061 
934.822 
941.609 
948.420 
955.255 
962.115 
969.000 
975.909 
982.842 
989.800 
996.783 
1,003.790 
1,010.822 


Diam. 


36 

36i 

36* 

36* 

36* 

36* 

36} 

36* 

37 

37* 

87* 

37* 

37* 

37* 

37} 

37* 

38 


38* 

38* 

38* 

88} 

38* 

39 

39] 


39* 

39* 

39* 

39} 

39* 

40 

40* 

40* 

40f 

40* 

40* 

40} 

40* 

41 

41| 

41} 
4U 

41* 
41* 
41} 
41* 
42 

I 

48* 
48} 


Circum. 


113.098 
113.490 
113.883 
114.276 
114.668 
115.061 
115.454 
115.846 
116.239 
116.632 
117.025 
117.417 
117.810 
118.203 
118.595 
118.988 
119.381 
119.773 
120.166 
120.659 
120.952 
121.344 
121.737 
122.130 
122.822 
122.915 
123.308 
123.700 
124.093 
124.486 
124.879 
125.271 
125.664 
126.057 
126.449 
126.842 
127.235 
127.627 
128.020 
128.418 
128.806 
129.198 
129.591 
129.984 
130.376 
130.760 
131.162 
131.654 
181.947 
132.340 
182.783 
188425 
188.U8 
183.0U 
134.803 
134.G96 
135.069 
18&.481 


Area. 


1,017.878 
1,024.960 
1,032.065 
1,089.195 
1,046.849 
1,053.528 
1,060.732 
1,067.960 
1,075.218 
1,082.490 
1,089.792 
1,097.118 
1,104.469 
1,111.844 
1,119.244 
1,126.669 
1,134.118 
1,141.691 
1,149.069 
1,156.612 
1,164.169 
1,171.731 
1,179.327 
1,186.918 
1,194.698 
1,202.268 
1,209.968 
1,217.677 
1,225.420 
1,233.188 
1,240.961 
1,248.798 
1,256.640 
1,264.510 
1,272.400 
1,280.310 
1.288.250 
1.296.220 
1.304.210 
1,812.220 
l,320.a» 
1,328.320 
1.836.410 
1.344.6ad 
1.352.660 
1.360.620 
1.369.000 
l,877.ae 
1.885.4B0 
1,886.709 
1,401  JB6 
1,4104KI6 
1,416.639 

i!^:So 

1.4 
M 

1:1 
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num. 

Oicum 

Aiea. 

Diam. 

aroum 

Are*. 

Diam 

ClWWIl. 

Area. 

431 

137  838 

1,511.910 

OH 

162,678 

2, 

691 

187.318 

2.792.21 

1,520 

Sli 

970 

2, 

591 

18^ 

2.803.33 

1.529 

59t 

OlS 

1^537 

860 

521 
52 

2. 

,827!44 

408 

:54l 

56 

149 

i 

6o! 

181 

«9 

ra.aa 

29 

181 

04 

2, 

^!89 

H( 

>S7 

:57; 

« 

62 

65 

i 

60f 

874.76 

62 

6f 

601 

m 

459 

586.66 

601 

15| 

2 

60i 

2.910.51 

46, 

It 

157 

,6» 

16 

68 

897 

; 

191 

638 

,922.47 

« 

K 

290 

ceo 

2,931.46 

183 

i 

« 

14i 

135 

> 

5a 

1 

•28 

,64| 

6! 

168 

81 

19! 

M8 

2.970.68 

« 

144 

;661 

5! 

i 

46 

106 

,671 

15 

H6 

i 

61 

191 

186 

46 

54 

019.08 

ISK 

54 

i 

031.26 

V. 

IV. 

184 

69S. 

54 

2 

,043,47 

46 

,707 

17 

54 

71 

!17 

2, 

.055.71 

46 

71 

: 

(50 

067.97 

46 

\i-i 

262 

|72f 

64 

4? 

147 

655 

;734 

li 

54 

148 

M8 

55 

7S 

•88 

i 

19; 

.04.SJ 

14i 

441 

:7K 

IS 

&3 

73 

,  17.2!. 

47 

1« 

138 

,762, 

74 

2,!,.,-.. 

^ 

,M.« 

,77; 

K 

551 

65i 

73 

966 

2,408,34 

47 

74 

159 

2,419.23 

m 

m 

54.4; 

47 

IH 

551 
55 

2,430.14 

IM 

'm 

15 

2,441.07 

551 

7£ 

137 

2,452.08 

20C 

(77 

191.91 

|8ii 

2,463.01 

,a)4.44 

48} 

151 

i82 

.m 

56 
56} 

2,474.02 

481 
481 

95 

7( 

'15 

2,485.05 

455 

56t 
56E 

77 

848 

3,242,18 

',856 

2W 

MO 

S.254.81 

481 

IH 

.53 

.m 

55 

561 
56! 

2.518:30 

202 

14 

Tt 

!86 

64 

203 

06 

'm 

56[ 

20; 

!S1 

1» 

895 

7! 

2,55l!76 

15; 

'M 

;9K 

M 

57) 

464 

2^562.97 

204 

2M 

a 

7S 

f 

2,574,20 

a 

204 

i97 

331.09 

204 

143.89 

491 

16£ 

KK 

16 

m 

2.596:73 

es! 

205 

414 

135 

2.608,03 

205 

TO 

49i 

2,619,36 

651 

206 

382.44 

60 

1B7 

2,630.71 

206 

m 

165 

173 

2,642.09 

20( 

tsl 

i05 

2.653.49 

66 

a 

|99i 

sa 

661 
66l 

201 

|38 

434.17 

YSr. 

,002 

ttl 

'. 

M3 

:oi; 

K 

2 

84 

176 

! 

699 

661 

Got 

15! 

'.(&: 

84 

i69 

7H 

« 

209 

109 

486.30 

M* 

160 

02 

042 

'■■ 

209 

499,40 

160 

,0K 

95 

K 

2 

661 

lei 

90 

kII 

K 

147 

; 

'*■ 

SI 

161 

98 

» 

57 

210 

880 

fil 

161 

T9Z 

OS 

_a_ 

67 

211 

273 

61 

182 

185 

^ 

20 

186!9'J5 

I 

m5i_ 

211665 

;565.24 

CIRCVMFESESCES  AND  AB£A3  OP  CISCLBB. 


DlRTO. 

dream. 

Aim. 

Dlam. 

Clrcum. 

Area. 

Diam. 

Circom. 

^1 

«! 

212.058 

3,S78.48 

;a 

236.798     4 

162.16 

S» 

S7 

212.«1 

3,501.74 

237.191     . 

261.931 

m.84S 

76 

S3 

262.324 

313.236 

g:619!3S 

75 

506:S7 

881 

88 

629 

3,631.69 

75 

M1.56 

S3 

ar"-o» 

«B 

21 

Ml 

3,645.06 

536,17 

m 

at    02 

68 

;g 

561.11 

M 

2t      94 

«» 

«7 

S.e7l!86 

566.36 

811 

6e 

n 

2I» 

8^685.29 

761 

239:910     . 

681.35 

2f      80 

«g 

21 

S02 

S.69B.76 

596.36 

a 

2<      72 

«8 

I8& 

8,712.21 

611.39 

«S| 

8,725.76 

526,16 

84 

X     68 

89 

21 

™ 

8,739.29 

211.510     - 

SH 

2t     51 

6flf 
S9 

21 

8,752.85 

841 

2t     43 

21 

3,766.43 

W 

2C      36 

MS 

3,780.04 

686.92 

•X     29 

69 

21 

Ml 

3,793,68 

77 

2t     21 

est     21S 

3,807.34 

St     14 

69      1  219 

732:54 

69.       219 

3:834:73 

717.79 

X 99 

70        219 

)12 

3,848.46 

77 

211.662     . 

269.392 

701        22« 

8,862.23 

8E 

269.785 

3,376.00 

7p 

793:70 

8f 

270.178 

70         221 

215.830     '. 

809.05 

270.570 

TO    ;2ai 

183 

3,903,63 

78 

821.13 

270,963 

839.83 

271.366 

TOi    \  23!] 

247.008     . 

856.26 

222 

78 

317.101     '. 

870.71 

272:141 

71 

223 

154 

3,959.20 

886.18 

St 

272.631 

228 

901.68 

.81 

272.926 

223 

»9 

3,987:13 

79 

218.579     4 

917.21 

71 

221 

4.001.13 

218.972     . 

932,76 

273:712 

71 

i24 

4,015.16 

79 

948.33 

87 

274.106 

22t 

4,029.21 
4.043.29 

791 

250:iB0     '■ 

SI 

ffl 

274.S90 

71 

22S 

»2 

4,057-89 

79 

260.613     ■ 

276.2S3 

226 

79, 

>I0:86 

8^ 

276.676 

K 

22( 

4:085:66 

251.328     1 

026.56 

81 

tsi 

4,099.84 

§ 

251,721     ( 

D42.2S 

276:461 

72 
72 

221 

t73 

S( 

276.863 

22; 

K 

277  JM6 

72 

1B9 

4:i42:si 

252:899     5 

089:e« 

72 

6B1 

4,156,78 

253.291     I 

72 

m 

4,171.08 

73 

«0i 

221 

4:199:74 

254:470     1 

153:01 

S79.210 

123 

4,211.11 

81 

251.862     1 

I68.e8 

« 

73 

m 

il5 

4,22B.51 

89 

979.995 

20a8S 

8C 

W)J»8 

too 

1:257:37 

81 

2S6.010     1 

216.82 

73 

231 

m 

1,271.84 

81 

232,81 

1? 

23i 

It 

i; 

m 

1:315:39 

«. 

257.218     ft 
267.611     6 

^S 

Sb^ 

233 

2M 

4,329.% 

8i 

258.001     1 

Z9T:i« 

ec 

23S, 

i56 

1,844.55 

313.28 

K 

74 

234 

4,359.17 

258:789     ; 

329.44 

w 

234 

259,182     5 

(45.68 

M 

l*. 

234 

4:s88:47 

259.575     6 

90 

71 

23( 

ao 

4,103,16 

8: 

82 

259.967     5 
260.360     B 

I9t34 

ii 

mjm 

1 

23«.013 

2.50.753     5 

110.62 

" 

236.«S 

4,447,38 

831 

261-115     6 

^K 

'. 1 
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Diam. 

dream. 

Area. 

Diam. 

drcnm. 

Area. 

Diam. 

Clrcum. 

Area. 

91i 
91i 

286.278 

6,521.78 

94* 

296.703 

6,958.26 

97* 
97l 

805.128 

7,408.89 

286.671 

6,539.68 

91t 

296.096 

6,976.76 

806.621 

7,427.97 

911 

287.064 

6,557.61 

94i 

296.488 

6,995.28 

97* 
97* 

806.918 

7,447.08 

9U 

287.456 

6,575.56 

94t 

296.881 

7,013.82 

806.806 

7,466.21 

m 

287.849 

6,598.51 

941 

297.274 

7,082.39 

97* 
97| 

806.699 

7,485.87 

m 

288.242 

6,611.55 

94* 

297.667 

7,060.98 

807.091 

7,504.66 

m 

288.634 

6,629.57 

94* 

298.059 

7,069.59 

97f 

807.484 

7,623.76 

92 

289.027 

6,647.63 

95 

298.452 

7,088.24 

96 

307.877 

7,642.98 

^QX 

289.420 

6,665.70 

95^ 

298.845 

7,106.90 

9^ 

308.270 

7,562.24 

92I' 

289.813 

6,683.80 

299.237 

7,126.89 

808.662 

7,681.62 

^ 

290.205 

6,701.98 

95f 
95I 

299.630 

7,144.31 

Ht 

309.055 

7,600.82 

290.598 

6,720.08 

300.023 

7,163.04 

809.448 

7,620.16 

^ 

290.991 

6,738.25 

951 

300.416 

7,181.81 

98* 

309.840 

7,639.60 

291.383 

6,756.46 

95* 

300.808 

7,200.60 

981 

310.233 

7,658.88 

92J 

291.776 

6,77468 

951 

801.201 

7,219.41 

98* 

310.626 

7,678.28 

98 

292.169 

6,792.92 

96 

301.594 

7,238.25 

99 

311.018 

7,697.71 

^ 

292.562 

6,811.20 

96i 
96i 

801.986 

7,257.11 

99* 
99i 

311.411 

7,717.16 

292.954 

6,829.49 

302.379 

7,275.99 

311.804 

7,736.63 

It 

298.347 

6,847.82 

96f 
96{ 

802.772 

7,294.91 

99* 

812.196 

7,766.13 

293.740 

6,866.16 

303.164 

7,313.84 

99* 

812.589 

7,775.66 

it 

294.132 

6,884.53 

96| 
961 

303.557 

7,332.80 

99* 

312.982 

7,795.21 

294.525 

6,902.93 

303.950 

7,361.79 

99* 

313.375 

7,814.78 

931 

294.918 

6,921.35 

96J 

304.342 

7,370.79 

99* 

313.767 

7,834.38 

94 

295.310 

6,939.79 

97 

304.735 

7,389.83 

100 

314.160 

7,854.00 

The  preceding  table  may  be  used  to  determine  the  diameter  when 
the  circumference  or  area  is  known.  Thus,  the  diameter  of  a  circle  having 
an  area  of  7,200  sq.  in.  is  approximately  95*  in. 


A  GLOSSARY  OF  MINING  TERMS. 


The  present  glossary  is  a  combination  of  glossaries  of  mining  terms  con- 
tained in  the  following  works:  Coal  and  Metal  Miners'  Pocketbook,  Fifth 
Edition;  Raymond's  Glossary  of  Mining  and  Metallurgical  Terms;  Powers' 
Pocketbook  for  Miners  and  Metallurgists;  Locke's  Miners'  Pocketbook; 
Vol.  AC,  Second  Pennsylvania  Geological  Survev;  Ilhseng's  Manual  of 
Mining:  Cldsm's  Encyclopedia  of  Mexican  Mining  Law;  a  Glossary  of  Terms 
as  Used  in  Coal  Mining,  by  W.  S.  Gresley;  11th  Annual  Report  of  the  State 
Mine  Inspector  of  Missouri;  Bnllman's  Colliery  Working  and  Management; 
Reynoldr  Handbook  of  Mining  Laws;  Report  of  the  Mine  Inspector  of 
Tennessee  for  1897;  Smithsonian  Report  for  1886;  together  with  a  large  num- 
ber of  words  which  have  been  added  from  various  stray  sources.  It  is 
imposdble  to  quote  the  authority  for  each  definition,  as  many  of  the  defini- 
tions are  combinations  from  a  number  of  authors.  Where  such  different 
definitions  have  given  distinctly  different  meanings,  each  one  has  b^n 
included,  but  where  there  has  oeen  expressed  merely  a  slight  shade  of 
difference,  the  definition  agreeing  most  closely  with  current  American 
practioe  has  been  taken,  or  else  modified  to  suit  such  practice.  The  foreign 
words  selected  are  those  with  which  an  American  is  most  likely  to  come 
in  contact,  and  this  portion  of  the  glossary  is,  of  course,  not  exhaustive.  For 
the  laige  number  of  purely  local  terms  used  in  the  several  coal  fields  of  Great 
^tain,  the  reader  is  referred  to  Mr.  Gresley's  glossary. 
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GLOSSARY. 


Abattit  (Leicester).— Cro8S*^cking  of  branches  or  rough  wood,  used  to  keep 

roaas  open  for  ventilation. 
Abra  (Spanish).— Fissure  in  a  lode,  unfilled  or  only  partially  filled. 
Abronziado  (Spanish).— Copper  sulphides. 
Absolute  Pressure.— The  pressure  reckoned  from  a  vacuuih. 
Absolute  Termaerature.—The  temperature  reckoned  from  the  absolute  zero, 

-459.2°  F.  or  —273°  C. 
Accompt  (Cornish). — Settling  day  or  place. 
Achicar  (Mexican).— To  diminish  the  quantity  of  water  in  any  gallery  or 

working,  generally  by  carrying  it  out  in  buckets  or  in  leather  iMigs. 

.AcAicooores.— Laborers  employed  for  said  purpose.    Ackichinques. — Same 

as  Achicadores.    Also  applied  to  hangers-on  about  police  courts,  etc 

Such  people  as  are  generally  called  strikers  in  the  United  States. 
Acreage  Rent  (English).— Royalty  or  rent  for  working  minerals. 
Adarme  (Mexican).— A  weignt  for  gold,  about  L8  grams. 
AdcUings  (North  of  England).— Earnings. 
Ademador  (Spanish).— Mine  carpenter,  or  timberman. 
Ademar  (Spanish).— To  timber. 
Adit— A  nearly  horizontal  passage  from  the  surfisuie,  by  which  a  mine  is 

entered  and  unwatered  with  just  sufficient  slope  to  insure  drainage. 

In  the  United  States,  an  adit  driven  across  the  measures  is  usually  called 

a  tunnel,  though  the  latter,  strictly  speaking,  passes  entirely  through  a 

hill,  and  is  open  at  both  ends. 
-4do6e.— Sun-dried  brick. 
Adventurers.— Ori^nal  prospectors. 

Adverse.— To  oppose  the  granting  of  a  patent  to  mining  claim. 
Adze.— A  curved  cuttin/^ Instrument  for  dressing  timber. 
Aerage  (French).- Ventilation. 
Aerometers.-The  air  pistons  of  a  Struve  ventilator. 
Aerop?iore.— The  name  given  to  an  apparatus  that  will  enable  a  man  to  enttf 

places  in  mines  filled  with  explosive  or  other  deadly  gases,  with  safety. 
Aflnar  (Mexican).— Refining  gold  and  silver. 

Ajterdarnp.-The  gaseous  mixture  resulting  from  an  explosion  of  firedamp. 
Agent.— The  manager  of  a  mining  property. 
Agitator.— A  mechanical  stirrer  used  in  pan  amalgamation. 
Anondar  (Spanish).— To  sink. 
Air,— The  current  of  atmospheric  air  circulating  through  and  ventilating  the 

workings  of  a  mine. 
Air  Box.— wooden  tubes  used  to  convey  air  for  ventilating  headings  or 

sinldngs  or  other  local  ventilation. 
Air  Compartment.— An  air-tight  i>ortion  of  any  shaft,  winze,  rise,  or  level, 

usea  for  improving  ventilation. 
Air-0Dur8e.—See  Airway, 

Air  Crossing.— A  bridge  that  carries  one  air-course  over  another. 
Air  Cushion.— A  spring  caused  by  confined  air. 
Air  Door.— A  door  for  the  regulation  of  currents  of  air  through  the  workings 

of  a  mine. 
Air-End  Way  (Locke).— Ventilation  levels  run  parallel  with  main  level. 
Air  Furnace.— A  reverberatory  fUmace  in  which  to  smelt  lead. 
Air  Gates  (Locke).— (1)  Underjpround  roadways,  used  principally  for  venti- 
lating purposes.    (2)  An  air  regulator. 
Air  ficort  (Staff).— Ventilation  ways. 
Air  Heading.— An  airway. 
Air  Hole  (Powers).— A  hole  drilled  in  advance  to  improve  ventilation  by 

communication  with  other  workings  or  the  surface. 
Airless  End.— The  extremity  of  a  stall  in  longwall  workings  in  which  th^e 

is  no  current  of  air,  or  circulation  of  ventilation,  but  which  is  kept  pure 

by  diffusion  and  by  the  ingress  and  egress  of  cars,  men,  etc 
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Air  Levd.—A  level  or  airway  of  former  workings  made  use  of  in  subsequent 
deeper  mining  operations  for  ventilating  purposes. 

Air  Oven.— A  heated  chamber  for  drying  samples  of  ore,  etc. 

Air  Pipe.— A  pipe  made  of  canvas  or  metal,  or  a  wooden  box  used  in  con- 
veying air  to  the  workmen,  or  for  rock  drills  or  air  locomotives. 

Air-SJiOfft.—A  shaft  or  pit  used  expressly  for  ventilation. 

Air  Slit  (Yorks).— A  short  head  between  other  air  heads. 

Air  SoUar.—A  brattice  carried  beneath  the  tram  rails  or  road  bed  in  a  head- 
ing or  gangway. 

Air  Stack.— A  stack  or  chimney  built  over  a  shaft  for  ventilation. 

Airway.— Any  passage  through  which  air  is  carried. 

Aitch  Piece.— Parts  of  a  pump  in  which  the  valves  are  fixed. 

Albanil  (Spanish).— Mason. 

AWayalde  (Spanish).— White  lead. 

Alberti  Furnace.— A  continuous  reverberatory  for  mercury  ores. 

Alcam  (Wales).— Tin. 

Alive  (Cornish).— Productive. 

Alloy.— A  homogeneous  mixture  of  two  or  more  metals  by  fusion. 

AUuviai  Gold.— Gold  found  associated  with  water-worn  material. 

Alluvium. — Gravel,  sand,  and  mud  deposited  by  streams. 

Almadeneta  (Spanish).— Stamp  head. 

AVmagre  (Spanish).— Red  ocher. 

AUemaHna  Motion.— Up  and  down,  or  backward  and  forward  motion. 
'  AUo  (Mexican) .—The  hanging  wall  of  a  vein.    See  Renpaldos, 

Aluwd  (Spanish).— Earthen  condenser  for  mercury. 

ATnalgam.—Asi  alloy  of  quicksilver  with  some  other  metal. 

Amalgamation.— AXmorpuon.  of  gold  and  silver  by  mercury. 

Amalgam^ator.— One  that  amalgamates  gold  and  silver  ores. 

AmygdcUoidal. — Almond-shapwi. 

Analysis.-The  determination  of  the  original  elements  and  the  proportions 
of  each  in  a  substance. 

Anemometer.- An  instrument  used  for  measuring  the  velocity  of  a  ventilating 
current. 

Angle  Beam,— A  two-limbed  beam  used  for  turning  angles  in  shafts,  etc. 

^n/ij/droi«.— Without  water  in  its  composition. 

Anneal.— To  toughen  metals,  glass,  etc.  by  first  heating  and  then  cooling 
very  slowly. 

Anthracite.— Cosil  containing  a  small  i)ercentaRe  of  volatile  matter. 

Anticline.— A  flexure  or  fold  in  which  the  rocks  on  the  opposite  sides  of  the 
fold  dip  away  from  each  other,  like  the  two  legs  or  tne  letter  A.  The 
inclination  on  one  side  may  be  much  greater  than  on  the  opjwsite  side. 
An  anticlinal  is  said  to  be  overturned  when  the  rocks  on  both  sides 
dip  in  the  same  direction. 

Anticlinal  Asda.— The  ridge  of  a  saddle  in  a  mineral  vein,  or  the  line  along 
the  summit  of  a  vein,  from  which  the  vein  dips  in  opposite  directions. 

Anticlinal  Flexure;  Anticlinal  Fold. — An  anticline. 

AnHguoa,  Los  (Mexican).— The  Spanish  or  Indian  miners  of  colonial  times. 

AntiTnony  Star.— The  metal  antimony  when  crystallized,  showing  fern-like 
marlungs  on  the  surface. 

Aparadores  (Mexican).— Persons  that  rewash  or  rework  tailings  from  silver 
mills. 

Apar^o  (Mexican).— A  rigid  pair  of  large  stuflTed  pads  connected  over  back  of 
pack  mule  by  an  unpadded  portion  to  protect  body  of  mule  when  heavy 
or  Irregularly  shaped  loads  are  carried. 

Apero8  (Mexican).— All  kinds  of  mining  supplies  in  general.  Aperador.—A 
storekeeper. 

Apex.— The  landing  point  at  the  top  of  a  slope  or  inclined  plane,  the 
knuckle;  also,  the  top  of  an  anticlinal.  In  the  U.  8.  Revised  Statutes, 
the  end  or  edge  of  a  vein  nearest  the  surface. 

A  pique  (Mexican).— Perpendicular. 

ApolviUados  (Spanish).— Superior  ores. 

Apron  (English).— (1)  A  covering  of  timber,  stone,  or  metal,  to  protect  a  sur- 
face against  the  action  of  water  flowing  over  it.  (2)  A  hinged  extension 
to  a  loading  chute.  • 

^proTw.— Stamp-battery  copper  plates. 

Aqua  Ibrtis.—JiJitTic  acid. 

Aqua  Regia.—A  mixture  of  hydrochloric  acid  and  nitric  add. 

Aqueduct.— An  artificial  elevated  way  for  carrying  water. 


^ 


568  Aba  OLOSSABr.  Azo 

Aro^  (Mexican).— See  Batctto. 

Arch  (Cornish).— Pcition  of  lode  left  standing  to  sapport  hanging  wall,  or 
because  too  poor. 

Archean.— An  early  period  of  geological  time. 

Arching.— BriclLyrotk.  or  stonework  forming  the  roof  of  any  underground 
roadway. 

Arenaceout.Saxidy;  rocks  are  arenaceous  when  they  contain  a  considerable 
percentage  of  sand. 

Arends  Tap,— An.  inverted  siphon  for  drawing  molten  lead  from  a  crucible 
or  Aimace. 

ArenilUu  (Spanish).— RefUse  earth. 

ilrpen^crotM.—Silver-bearing. 

ArgiUaceoui.—GlBkjQy',  rocks  are  argillaceous  when  they  contain  a  consid- 
erable percentage  of  clay,  or  have  some  of  the  characteristics  of  day. 

iir0o2.— Crude  tartar  deposited  from  wine. 

Arian  (Wales).— Silver. 

iirm.— The  inclined  \eg  of  a  set  of  timber. 

Arrage  (North  Ensland).— Sharp  comer. 

ArraMtre,—A  circular  trough  in  which  drags  are  pulled  round  by  being  con- 
nected with  a  central  revolving  shaii  by  an  arm  and  chain.  Used  for 
grinding  and  amalgamating  ores.  Arrattre  de  cuclnauxi,  spoon  arrastre; 
ae  marca,  large  arrastre;  de  mula,  mule-power  arrastre. 

Arrcutrar  (Mexican}.— To  drag  along  the  ground.  Arrcutrar  el  Agtia.— To 
almost  completely  exhaust  the  water  in  a  sump  or  working. 

Arroba  (Mexican).— 25  lb. 

Artesian  WeU.—Aii  artificial  channel  of  escape,  made  by  a  bore  hole,  for  t 
subterranean  stream,  subject  to  hydrostatic  pressure. 

A9(xn9Umdl  VentUaUon.—Ihe  arrangement  of  the  ventilating  currents  in 
such  a  manner  that  the  air  shall  continuoudy  rise  until  reaching  the 
bottom  of  the  upcast  shaft    Particularly  applicable  to  steep  seams. 

Ashlar.— A  facing  of  cut  stone  applied  to  a  backing  of  rubble  or  rough 
masonry  or  brickwork. 

4«piroii  (French).— Opening  for  ventilation. 

^Mai^.— The  determination  of  the  quality  and  quantity  of  any  particular 
substance  in  a  mineral.    Atmyer^—OuQ  who  performs  assays. 

Aaseisment  ITorA;.— The  annual  work  necessary  to  hold  a  mining  claim. 

4«tei.— Overhead  boarding  in  a  gallery. 

Aityllen  (Cornish).— Small  dam  man  adit;  partition  between  ore  and  deads 
on  grass. 

Atacador  (Mexican).— A  tamping  bar  or  tamping  stick. 

-Iteccw  (Mexican).— Same  as  Aclucadores.  etc. 

Atierres  (Spanish).— Reftise  rock  or  dirt  inside  a  mine. 

AtUe  (Cornish).- Refuse  rock. 

Attle  (Addl^.— The  waste  of  a  mine. 

Attrition.— ThQ  act  of  wearing  away  by  friction. 

Auger  Stem.— The  iron  rod  or  oar  to  wmch  the  bit  is  attached  in  rope  drilling. 

.4Mpcf.— Priming  tube. 

Aur  (Wales).— Gold. 

^ur^eroiw.— Gold-bearing. 

Ausscharen  (German).— Junction  of  lodes. 

Aiutzimmem  (German). — ^Timbering. 

Average  Produce  (Cornish).— Percentage  of  fine  copper  in  ore. 

Average  Standard  (Cornish).— Price  ofpure  copper  in  ore. 

Aviaaor  (Spanish).— One  who  provides  the  capital  to  work  a  mine, 
^vio.— Money  mmlshed  to  the  proprietors  of  a  mine  to  work  the  mine, 
by  another  j>erson,  the  Aviador.  Avio  Contra4i.—A  contract  between 
two  parties  for  working  a  mine  by  which  one  of  the  parties,  the  aviador, 
flimishes  the  money  to  the  proprietors  for  working  the  mine. 

Axia.— An  imaginary  line  passing  through  a  body  that  may  be  supposed  to 
revolve  around  it. 

Azimuth.— The  azimuth  of  a  body  is  that  arc  of  the  horizon  that  is  included 
between  the  meridian  circle  at  the  given  place  and  a  vertical  plane 

Sassing  through  the  body.    It  is  always  measured  ftom  due  north  around 
)  the  right. 
Azogue  (Spanish).— Mercury,    ^zogrueria.- Amalgamating  works.    Axoguero. 
Amalgamator.    The  person  in  charge  of  a  patio  works.    Azogue9.—Vn» 
milling  ores. 
Azoic.— The  age  of  rocks  that  were  formed  before  animal  life  existed. 
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Baok.— (1)  A  plane  or  cleavage  in  coal,  etc.,  having  frequently  a  Bmooth 
parting  and  some  sooty  coal  included  in  it.  (2)  The  inner  end  of  a 
neadli^  or  gangway.  (3)  To  throw  back  into  the  gob  or  waste  the  small 
slack,  dirt,  etc.    (4)  To  roll  large  coals  out  of  a  waste  for  loading  into  cars. 

Back  Balance.— K  self-acting  incline  in  the  mine,  where  a  balance  car  and  a 
carriage  in  which  the  mine  car  is  placed  are  used.  The  loaded  car  upon 
the  carriage  will  hoist  the  balance  car,  and  the  balance  car  will  hoist  the 
carriage  and  empty  car. 

Baekbye  work.—yfork  done  between  the  shaft  and  the  working  fiEice,  in 
contradistinction  to  face  work,  or  work  done  at  the  fiEice. 

Back  Casing.— A  wall  or  lining  of  dry  bricks  used  in  sinkins'  through  drift 
deposits,  the  permanent  walling  being  built  up  within  It.  The  use  of 
timber  cribs  and  planking  serves  the  same  purpose. 

Back  End  (EnjB[land).~The  last  portion  of  a  Jud. 

Backing.— (1)  The  rough  masonry  of  a  wall  faced  with  finer  work.  (2)  Earth 
deposited  behind  a  retaining  wall,  etc.  (3)  Timbers  let  into  notches  in 
the  rock  across  the  top  of  a  level. 

Backing  Deals.— Dea,\  boards  or  planking  placed  at  the  back  of  curbs  for 
supporting  the  sides  of  a  shaft  that  is  liable  to  run. 

Back  Joint.— Joint  plane  more  or  less  parallel  to  the  strike  of  the  cleavage, 
and  flrequently  vertical. 

Backla8h.—(l)  Backward  suction  of  air-currents  produced  after  an  explosion 
of  firedamp.    (2)  Reentry  of  air  into  a  fan. 

Back  c(f  Ore.— The  ore  between  two  levels  which  has  to  be  worked  flrom  the 
lower  level. 

Back  Pre88ure.—Thelo88y  expressed  in  pounds  per  square  inch,  due  to  getting 
the  steam  out  of  the  cylinder  after  it  has  done  iis  work. 

B€u:k  SAi/iC.— Afternoon  shift. 

Back  Skin  (North  of  England).— A  leather  jacket  for  wet  worklnes. 

Backstay.— A  wrought-iron  forked  bar  attached  to  the  back  of  cars  when 
ascending  an  inclined  plane,  which  throws  them  off  the  rails  if  the  rope 
or  coupling  breaks. 

BajE^  Ends.-hong  wooden  edges  for  adjusting  linings  in  sinidng  shafts  dur- 
ing the  operation  of  fixing  the  lining. 

Baffle.— To  brush  out  firedamp. 

Batt.—:  Provisions. 

Bajo  (Mexican).— The  footwall  of  a  vein.    See  Respaldo. 

Bcu  (Cornish).— A  mine. 

Balance.— {1)  The  counterpoise  or  weights  attached  to  the  drum  of  a  winding 
eufiine,  to  assist  the  engine  in  lifting  the  load  out  of  a  shaft  bottom  and 
in  helping  it  to  slacken  speed  when  the  cage  reaches  the  surface.  It 
consists  often  of  a  bunch  of  heavy  chains  suspended  in  a  shallow  shaft, 
the  chains  resting  on  the  shaft  bottom  as  unwound  off  the  balance  drum 
attached  to  the  main  shaft  of  the  engine.  (2)  Scales  used  in  chemical 
analysis  and  assaying. 

Balance  Bob.— A  large  beam  or  lever  attached  to  the  main  rods  of  a  Cornish 
pumping  engine,  carrying  on  its  outer  end  a  counterpoise. 

Balance  Box.— A  large  box  placed  on  one  end  of  a  balance  bob  and  filled 
with  old  iron,  rock,  etc.  to  counterbalance  the  weight  of  pump  rods. 

Balance  Brow.— An  inclined  plane  in  steep  seams  on  which  a  platform  on 
wheels  travels  and  carries  the  cars  of  coal. 

Balance  Oar.— A  small  weighted  truck  mounted  upon  a  short  inclined  track, 
and  carrjing  a  sheave  around  which  the  rope  of  an  endless  haulage 
system  passes  as  it  winds  off  the  drum. 

Balance  Pit.— A  pit  or  shaft  in  which  a  balance  rises  or  falls. 

Balanzon  (Mexican).— The  balance  bob  of  a  Cornish  pump. 

Balk.—{1)  A  more  or  less  sudden  thinning  out  of  a  seam  of  coal.  (2)  Irregu- 
lar-shaped masses  of  stone  intruding  into  a  coal  seam,  or  bulgings  out 
of  the  stone  roof  into  the  seam.  (3)  A  bar  of  timber  supporting  the  roof 
of  a  mine,  or  for  carrying  any  heavy  load. 

Balland  (Derbyshire).— Pulverulent  lead  ore. 

BaUast—BrolgLen  stone,  gravel,  sand,  etc.  used  for  keeping  railroad  ties  steady. 

Bancos  (Spanish).— Horses  in  a  vein  or  cross-courses. 

Band. — A  seam  or  thin  stratum  of  stone  or  other  refuse  in  a  seam  of  coal. 

Bank.—{1)  The  top  of  the  shaft,  or  out  of  the  shaft.  (2)  The  surface  around 
the  mouth  of^a  shfUft  (3)  To  manipulate  coals,  etc.  on  the  bank. 
(4)  The  whole  or  somenmes  only  one  side  or  one  end  of  a  working 
place  underground.    (5)  A  large  heap  of  mineral  on  the  surface. 
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Bank  Chain.— A  cbain  that  includes  the  bank  of  a  river  or  creek. 

Bank  Claim  (Australian).— Mining  right  on  bank  of  stream. 

^anJfcrt.— Auriferous  conglomerate  of  South  Africa. 

Bank  Head.— The  upper  end  of  an  inclined  plane,  next  to  the  engine  or  drum, 

made  nearly  level. 
Bank  Right  (Australian).— Right  to  divert  water  to  bank  claim. 
Banksman.— The  man  in  attendance  at  the  top  of  the  stiaft,  superintending 

the  work  of  bankine:. 
BankvH)rk.—A  system  of  working  coal  in  South  Yorkshire. 
Bank  to  Bank.— A  shift. 
Bannocking.—See  Kirving. 

Bano  (Spanish).— Excess  of  mercury  used  in  torta. 
5or.— A  length  of  timber  placed  horizontally  for  supporting  the  roof.    In 

some  cases,  bars  of  wrought  iron,  about  3  in.  X  1  in.  X  5  ft.  are  used. 
Bar  Diggings.— {1)  River  placers  subject  to  overflow.    (2)  Auriferous  claims 

on  snallow  streams. 
5arpain.— Portion  of  mine  worked  by  a  gang  on  contract. 
BanUa  (Spanish).— Grains  of  native  copper  disseminated  through  ores. 
Baring.-v^e  Stripping. 

Barmaater  (Derbyshire)— Mine  manager,  agent,  and  engineer. 
Bar  Mining.— The  mining  of  river  bars,  usually  between  low  and  high  water, 

although  the  stream  is  sometimes  deflected  and  the  bar  worked  below 

water  level. 
Barney.— A  small  car,  used  on  inclined  planes  and  slopes  to  push  the  mine 

car  up  the  slope.    Barney  Pit.— A  pit  at  the  bottom  of  a  slope  or  plane 

into  which  the  barney  runs  to  allow  the  mine  car  to  pass  over  it. 
Barra  (Mexican).— (1)  A  bar,  as  of  gold,  silver,  iron,  steel,  etc.    (2)  A  cer- 
tain share  in  a  mine.   The  ancient  Spanish  laws,  ttom  time  immemorial, 

considered  a  mine  as  divided  into  24  parts,  and  each  part  was  called  a 

••  barra." 
Barra  Vittda.  or  Aviada  (Mexican).— These  are  "barras"  or  shares  that  par- 

ticii)ate  in  the  profits,  but  not  in  the  expenses,  of  mining  concerns. 

Their  share  of  the  expenses  is  paid  by  the  other  shares.    Non-asseesable 

shares. 
Barranca  (Mexican).— A  ravine,  a  gulch.    What  is  improperly  called  in  the 

United  States  a  canyon  or  cafion. 
Barrel  Amaigamation.—Amalgajn&img  ores  in  revolving  barrels. 
Barrel  Woi'k.—il)  Native  copper  that  can  be  hand-sorted  ready  for  smelt- 
ing.   (2)  Barrel  amalgamation, 
farrena  (Mexican).— A  hand  drill  for  opening  holes  in  rocks  for  blasting 

purposes. 
Barrenarse  (Mexican).— When  two  mines  or  two  workings  (as  a  shaft  or 

winze,  or  a  gallery)  communicate  with  each  other. 
Barren  Oround.— Strata,  unproductive  of  seams  of  coal,  etc.  of  a  workable 

thickness. 
Barreno  (Mexican! .— (1 )  A  drill  hole  for  blasting  purposes.  In  mechanics,  any 

bored  hole.    (2)  A  communication  between  two  mines  or  two  workings. 
5orrc<ero  (Mexican).— A  miner  of  the  first  class;  one  that  knows  how  to 

point  his  holes,  drill,  and  blast,  or  work  with  a  gad. 
Barrier  Pillar. —A  solid  block  or  rib  of  coal,  etc.,  left  unworked  between  two 

collieries  or  mines  for  security  against  accidents  arising  fh)m  influx  of 

water. 
Barrier  System.— The  method  of  working  a  colliery  by  pillar  and  stall,  where 

solid  ribs  or  barriers  of  coal  are  left  in  betw'een  a  set  or  series  of  working 

places. 
Barrow.— {1)  A  box  with  two  handles  at  one  end  and  a  wheel  at  the  other. 

(2)  Heaj)  of  waste  stuff  raised  from  a  mine;  a  dump. 
Bar  Tmhering.—A  system  of  supporting  a  tunnel  roof  by  long  top  bars, 

while  the  whole  lower  tunnel  core  is  taken  out,  leaving  an  open  space 

for  the  masons  to  run  up  the  arching.    Under  certain  conditions,  the 

bars  are  withdrawn  after  the  masonry  is  completed,  otherwise  tiiey  are 

bricked  in  and  not  drawn. 
Base  BuUion. — Lead  combined  with  precious  metals. 
Base  Metal.— Met&l  not  classed  with  the  precious  metals,  gold,  sUver,  plat> 

inum,  etc.,  that  are  not  easily  oxidized. 
Basin.— {1)  A  coal  field  having  some  resemblance  in  form  to  a  basin.    (2) 

The  synclinal  axis  of  a  seam  of  coal  or  stratum  of  rock 
Basket.— A  measure  of  weight  =  2  cwt 
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.Bflwgrue.— Cradble  or  ftirnace  lining. 

Bobs  (Derbyshire).— Indurated  clay. 

BoM^— Outcrop  of  a  lode  or  stratum. 

Itastard.—A,  particularly  hard  massive  rock  or  boulder. 

liatcK—k.u  assorted  parcel  of  ore,  sometimes  called  doles,  when  dividea 

into  equal  quantities. 
BaUa.—K  shallow  wooden  bowl  used  for  washing  out  gold,  etc. 
BaU  (Enelish).~(l)  A  highly  bituminous  shale  lound  in  the  coal  measures. 

(2)  Hardened  clay,  but  not  fireclay.    Same  as  Bend  and  BiTui. 
Batten.— A,  piece  of  thin  board  less  than  12  in.  in  width. 
JJottcr.— The  inclination  of  a  face  of  masonry  or  of  any  inclined  portion  of 

a  frame  or  metal  structure. 
BcMery.—iX)  A  structure  built  to  keep  coal  from  sliding  down  a  chute  or 

breast.    (2)  An  embankment  or  platform  on  which  miners  work.    (3) 

A  set  of  stamps. 
Bay.— An  open  space  for  waste  between  two  packs  in  a  longwall  working. 

See  Board. 
Bay  of  Biscay  (;tottn<ry.— (Geological).— See  Crab  Holea. 
Beach  Combing.— WorltLng  the  sands  on  a  beach  for  gold,  tin,  or  platinum. 
Beans  (North  of  England).— All  coal  that  will  pass  through  about  i'' 

screen. 
Bean  Shot.— Copper  granulated  by  pouring  Into  hot  water. 
Bear.— A  depont  of  iron  at  the  bottom  of  a  ftimace. 
Bear;  to  Bear  J».— Underholding  or  undermining;  driving  in  at  the  top  or  at 

tiie  side  of  a  working. 
.Beorcra.- Pieces  of  timber  3  or  4  ft.  longer  than  the  breadth  of  a  shaft, 

which  are  fixed  into  the  solid  rock  at  the  sides  at  certain  intervals  apart; 

used  as  foundations  for  sets  of  timber. 
Bearing.— {1)  The  course  by  a  compass.    (2)  The  span  or  length  in  the  clear 

between  the  points  of  support  of  a  beam,  etc.    (3)  The  points  of  support 

of  a  beam,  shaft,  axle,  etc. 
Bearing  Door.— A  door  placed  for  the  purpose  of  directing  and  regulating  the 

amount  of  ventilation  passing  through  an  entire  district  of  a  mine. 
Bearing  In.— The  depth  or  distance  under  of  the  undercut  or  holing. 
Bearing-up  PuUey.—A  pulley  wheel  fixed  in  a  frame  and  arranged  to  tighten 

up  or  take  up  the  slack  rope  in  endless-rope  haulage. 
Bearing^p  Stop.— A  partition  of  brattice  or  plank  that  serves  to  conduct  air 

toafkce. 
Beat  (Comidy .— To  cut  away  a  lode. 

Beataway.-Yfotking  hard  ground  by  means  of  wedges  and  sledge  hammers. 
Bed. — (1 )  The  level  surface  of  a  rock  upon  which  a  curb  or  crib  is  laid.  (2)  A 

stratum  of  coal,  ironstone,  clay,  etc. 
Bed  Claim  (Australian).— A  claim  that  includes  the  bed  of  a  river  or  creek. 
Bede.— Miners'  pickax. 

Be<h>late.—A  large  plate  of  iron  used  as  a  foundation  for  an  eneine. 
Bea  Bock.— The  solid  rock  underlying  the  soil,  drift,  or  alluvial  deposits. 
B^ore-BrM8t.—Rock  or  vein,  which  still  lies  ahead. 
Belgian  Zinc  Furnace.— A  furnace  for  the  production  of  zinc,  in  which  the 

calcined  ore  is  distilled  in  tubular  retorts. 
BeW.— Overhanging  rock  or  slate,  of  a  bell-like  form,  disconnected  from  the 

main  roof. 
Belland.—A  form  of  lead  poisoning  to  which  lead  miners  are  subject. 
Betty.- A  swelling  mass  of  ore  in  a  lode. 
Ben,  Benhayl  (Cornish).— Productive.    The  productive  portion  of  a  tin 

stream. 
Bench.— {\)  A  natural  terrace  marking  the  outcrop  of  any  stratum.    (2)  A 

stratum  of  coal  forming  a  portion  of  the  vein. 
Bench  Digging8.—Kiyer  placers  not  subject  to  overflow. 
Benching.— To  break  up  with  wedges  the  bottom  coals  when  the  holing  is 

done  in  the  middle  of  the  seam. 
Benching  Up  (North  of  England).— Working  on  top  of  coal. 
Bench  Marie.- A  mark  cut  in  a  tree  or  rock  whose  elevation  Is  known.    Used 

by  surveyors  for  reference  in  determining  elevations. 
Bench  Working.— The  system  of  working  one  or  more  seams  or  beds  ol 

mineral  by  open  working  or  stripping,  in  stages  or  steps. 
Bend  (Derbyshire).- Indurated  clay. 
Beneficiar  (Mexican).— To  treat  ores  for  the  purpose  of  extracting  the 

metallic  contents. 
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Beneflcio  (Mexican).— Any  metaUurgical  process. 

Benheyl  (Cornish).— Flowing  tin  stream. 

Bessemer  Sted.Steel  made  by  the  Bessemer  process. 

Beton  (English).— Concrete  of  hydraulic  cement  with  broken  stone,  bricks, 

iirravel  etc 
Bern.— The  slope  formed  by  trimming  away  on  edge. 
Bevel  Oear.—A  gear-wheel  whose  teetja  are  inclined  to  the  axis  of  the  wheeL 
Biche.^A  hollow-ended  tool  for  recovering  boring  rods. 
Billy  Boy.— A  boy  who  attends  a  Billy  Playfair. 
Billy  Playfair.— A  mechanical  contrivance  for  weighing  coal,  consisting  of 

an  iron  trough  with  a  sort  of  hopper  bottom,  into  which  all  the  small 

coal  passing  through  the  screen  is  conducted  and  weighed  off  and 

emptied  from  time  to  time. 
Pin.— A  box  with  cover,  used  for  tools,  stones,  ore,  etc. 
Bind,  or  binder.— Indurated  argillaceous  shales  or  clay,  very  commonly 

forming  the  roof  of  a  coal  seam  and  frequently  containing  clay  iron- 
stone.   See  Baft. 
5t»di?io.— Hiring  men. 
Bing  (North  of  England).— 8  cwt.  of  ore. 
Bing  Hole  (Derbyshire).- An  ore  shoot. 
Bing  Ore  (Derbyshire).- Lead  ore  in  lumps. 

Bing  Tale  (North  of  England).— Ore  given  to  the  miner  for  his  labor. 
Bit.— A  piece  of  steel  placed  in  the  cutting  edge  of  a  drill  or  point  of  a  pick. 
£tocik6and.— Carbonaceous  ironstone  in  oeds,  mingled  with  coaly  matter 

sufficient  for  its  own  calcination. 
Black  Batt,  or  Black  Stone.— Bl&ck  carbonaceous  shale. 
Black  Oopper.— Impure  smelted  copper. 
Btocikdamp.— Carbonic-acid  gas. 
Black  Diamonds.— Ck)a\. 
Black  JS>id<.— Refuse  coke. 
Black  P^tu;.— Charcoal  and  potassium  carbonate. 
Black  Jack.—(1)  Properly  speaking,  dark  varieties  of  zinc  blende,  but  many 

miners  apply  it  to  any  black  mineral.    (2)  Crude  black  oil  used  to  ou 

mine  cars. 
Black  icod.— Graphite. 

Black  Ore  (English).— Partly  decomposed  pyrites  containing  copper. 
Black  Sana.— Dark  minerals  found  with  alluvial  gold. 
Black  Stone.— A  carbonaceous  shale. 
Black  Kn.— Dressed  cassiterite;  oxide  of  tin. 
Blanch.— (1)  A  piece  of  ore  found  isolated  in  the  hard  rock.    (2)  Lead  ore 

mixed  with  other  minerals. 
Blanched  Copper.— Copper  alloyed  with  arsenic. 
Blanket  Stroke  (Australian).— Sloping  tables  or  sluices  lined  with  baize,  for 

catching  gold. 
Blanket  Tables.— Inclined  planes  covered  with  blankets,  to  catch  the  heavier 

minerals  passing  over  them. 
Blast.— (1)  The  sudden  rush  of  fire,  gas,  and  dust  of  an  explosion  through  the 

workings  and  roadways  of  a  mine.     (2)  To  cut  or  bring  down  coaJ, 

rocks,  etc.  by  the  explosion  of  gunpowder,  dynamite,  etc. 
Blasting  Barrel.- A  small  pipe  used  for  blasting  in  wet  or  gaseous  places. 
Blast  Pipe.— A  pipe  for  supplying  air  to  fhrnaces. 
Blende.— Sxxlphme  of  zinc;  sphalerite. 

Blick  (Germany).— Iridescence  on  gold  and  silver  at  end  of  cupeling. 
Blind  Cba^.— Coal  altered  by  the  heat  of  a  trap  dike. 
Blind  Creek.-il)  A  creek  in  which  water  flows  only  in  very  wet  weather. 

(2)  (Australasian)  Dry  watercourse. 
Blind  Drift.- A  horizontal  passage  in  the  mine  not  yet  connected  with  the 

other  workings. 
Blind  Join*.— Obscure  bedding  plane. 

Blind  Lead,  or  Blind  Lode.— A  vein  having  no  visible  outcrop. 
Blind  Level.— {1)  An  incomplete  level.    (2)  A  drainage  level. 
Blind  Shaft.,  or  Blind  Pit.— A  shaft  not  coming  to  the  surfiftce. 
Bloat. — A  hammer  swelled  at  the  eye. 
Block  Claim  (Australian).— A  square  mining  claim. 
Block  Coal. — Coal  that  breaks  in  large  rectangular  lumps. 
Blocking  Out.—{l)  Working  deep  leads  in  blocks;  somewhat  like  horizontal 

stoping.    (2)  (Australian)  Washing  gold  gravel  in  sections. 
^lock  Re^.—ReefB  showing  frequent  contractions  longitudinally. 
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Block  TVn.— Cast  tin. 

Bloojnary.—A  forge  for  making  wrought  iron. 

Blosaom.— The  decomposed  outcrop,  float,  surface  stain,  or  any  Indlcatine 

traces  of  a  coal  bed  or  mineral  deposit.    Blossom  Boek.—{l)  (Colored 

veinstone  detached  from  an  outcrop.     (2)  The  rock  detached  from 

a  vein,  hut  which  has  not  been  transported. 
Bhw.—il)  To  blast  with  gunpowder,  etc.    (2)  A  dam  or  stopping  is  said  to 

blow  when  gas  escapes  through  it. 
Blower.— (1)  A  sudden  emission  or  outburst  of  gas  in  a  mine.    (2)  Any 

emission  of  gas  from  a  coal  s^un  similar  to  that  from  an  ordinary  gas 

burner.    (8)  A  tsrpe  of  centrifugal  fan  used  largely  to  force  air  into 

furnaces.    (4)  A  blowdown  ventilating  fan. 
Blow  Fan.— A  small  centrifhgal  fan  used  to  force  air  through  canvas  pipes 

or  wooden  boxes  to  the  workmen. 
BUywdown  Fan. — ^A  force  fiein. 
Blow  In.— To  commence  a  smelting  process. 
Blovm-Out  Shot.— A  shot  that  has  blown  out  the  tamping,  but  not  broken  the 

cofU  or  rock. 
Blow  O/f.— To  let  off  excess  of  steam  ttom  a  boiler. 
Blow  Out.^{l)  To  finish  a  smelting  campaign.     (2)   A  blown-out  shot. 

(3)  The  decomposed  mineral  exposure  of  a  vein. 
Blowpipe.— An  instrument  for  creating  a  blast  whereby  the  heat  of  a  flame 

or  hunp  can  be  better  utilized. 
Blue  BiS]^.— Residue  of  copper  pyrites  after  roasting  with  salt. 
Blue  Oap.—The  blue  halo  of  ignited  ma  (firedamp  and  air)  on  the  top  of  the 

flame  in  a  safety  lamp,  in  an  explosive  mixture. 
Blue  Mvan  (Cornish).— Greenstone. 
Blue  JdA».— Fluorspar. 

Blue  Lead.— A  blue-stained  stratum  of  gravel  of  great  extent  and  richness. 
Blue  Metal.— A  local  term  for  shale  possessing  a  bluish  color. 
Blue  Peach  (Cornish).— A  slate-blue  fine-grained  schorl. 
Blue8lone.—{l)  Sulphate  of  copper.  (2)  Lapis  lazuli.  (3)  Basalt.  (4)  Maryland, 

a  gray  gneiss;  in  Ohio,  a  my  sandstone;  in  the  District  of  Columbia, 

a  mica  schist;  in  New  Yorx.  a  blue-gray  sandstone;  in  Pennsylvania,  a 

blue-gray  sandstone.     (5)  A  popular  term  among  stone  men  not  suf- 
ficiently definite  to  be  or  value. 
Bluff.— Blant. 

Board.— A  wide  heading  usually  tram  3  to  5  yd.  wide. 
Board-and-PiUar.—  A.  system  of  working  coal  where  the  first  stage  of  exca- 

vation  is  accomplished  with  the  roof  sustained  by  pillars  of  coal  left 

between  the  breasts;  often  called  Breast-and-PiUar. 
Bob.— An  oscillating  bell-crank,  or  lever,  through  which  the  motion  of  an 

engine  is  transmitted  to  the  pump  rods  in  an  engine  or  pumping  pit 

There  are  i  bobs.  L  bobs,  and  V  bobs. 
Boca  or  Bocalifina  (Mexican).— Mouth  or  mine  mouth.    This  is  the  nam<« 

applied  to  the  principal  or  first  opening  of  a  mine,  or  to  the  one  whero 

the  miners  are  accustomed  to  descend. 
Bochomo  (Mexican).— Excessive  heat,  with  want  of  ventilation,  so  that  the 

lights  go  out.    See  Vapores. 
Body.— (1)  An  ore  body,  or  pocket  of  mineral  deposit.    (2)  The  thickness  of 

a  Inbncating  oil  or  other  liquid;  also  the  measure  of  that  thickness 

expressed  in  the  number  of  seconds  in  which  a  given  quantity  of  the 

oil  at  a  given  temperature  flows  through  a  given  aperture. 
Bog  Iron  Ore.— Loose  earthy  brown  hematite  recently  formed  in   swampy 

ground. 
Boleo  (Mexican).— A  dump  pile  for  waste  rock. 
Boliche  (Spanish )  .—Concentrating  bowl. 
BoUo9  (Spanish).— Triansfular  blocks  of  amalgam. 
BoUa  (Spanish).— Small  bunch  of  ore. 
Bonanza.— An  aggregation  of  rich  ore  in  a  mine. 
Bond.—{\)  The  arrangement  of  blocks  of  stone  or  brickwork  to  form  a  firm 

structure  by  a  judicious  overlapping  of  each  other  so  as  to  break  joint. 

(2)  An  agreement  for  hiring  men. 
Bone.— Slaty  coal  or  carbonaceous  shale  found  in  coal  seams. 
B(yne  Ash.— Bnmi  bones  pulverized  and  sifted. 
BonneL—{l)  The  overhead  cover  of  a  cage.    (2)  A  cover  for  the  gauze  of 

a  safety  lamp.    (3)  A  cap  piece  for  an  upright  timber. 
Bonney  (Cornish).— An  isolated  body  of  ore. 
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JBofuv.— Undressed  lead  ore. 

jBoomini^.— Ground  sluicing  on  a  large  scale  by  emptying  the  contents  of  a 

reservoir  at  once  on  material  collected  below,  thus  removing  boulders. 
Bord  (English).— A  narrow  breast. 
Bord-and-PiUar  (English).— See  PiOar-and-Breaa. 
Bord  Room.— The  space  excavated  in  driving  a  bord.    The  term  is  used  in 

connection  with  the  "  ridding  "  of  the  fallen  stone  in  old  bords  when 

driving  roads  across  them  in  pillar  working;  thus,  "  ridding  across  the 

old  bord  room." 
Bord  Ways  Cour$e.~-The  direction  at  right  angles  to  the  main  cleavage 

planes.    In  some  mining  districts,  it  is  termed  "on  face." 
Bore.— To  drill. 
Bore  Hole.— A  hole  made  with  a  drill,  auger,  or  other  tools,  in  coal,  rock,  or 

other  material. 
Borrasca  (Mexican).— The  reverse  of  bonanza.    When  the  mine  has  a  vein, 

but  no  ore,  it  is  said  to  be  "  en  borrasca." 
Bort.— Amorphous  dark  diamond. 

Both.— The  plane  in  a  blast  furnace  where  the  greatest  diameter  is  reached. 
B088  (English).- (1)  An  increase  of  the  diameter  at  any  part  of  the  shaft. 

(2)  A  person  in  charge  of  a  piece  of  work. 
Boiaa  (Mexican).— Buckets  made  of  an  entire  ox  skin,  to  take  out  water. 
Botrvoiddl.—QTape-like  in  appearance. 

Bottle  Jack  (English).— An  appliance  for  lifting  heavy  weights. 
.Bottom.— (1)  The  landing  at  the  bottom  of  the  shaft  or  slope.    (2)  The  lowest 

point  of  mining  ox>eratious.    (3)  The  floor,  bottom  rock,  or  stratum 

underlying  a  coal  bed.    (4)  In  alluvial,  the  bed  rock  or  reef. 
BottomeTt  Bottomman.— The  person  that  loads  the  cages  at  the  pit  bottom 

and  j;ives  the  signal  to  bank. 
Bottom  Jm'ni.— Joint  or  bedding  plane,  horizontal  or  nearly  so. 
Bottom  Ijifl.—{\)  The  deepest  column  of  a  pump.    (2)  The  lowest  or  deepest 

lift  or  level  of  a  mine. 
Bottom  Pillars.— La,Tge  pillars  left  around  the  bottom  of  a  shaft. 
Bottoms.— Impure  copper  alloy  below  the  matte  in  smelting. 
Bovlders.— Loose  rounded  masses  of  stone  detached  from  the  parent  lock. 
Bounds  (Cornish).- A  tract  of  tin  ground. 
Bovi  (Derbyshire).— Twenty-four  dishes  of  lead  ore. 
5oto.— The  handle  of  a  kibble. 
Bowk.— An  iron  barrel  or  tub  used  for  hoisting  rock  and  other  debris  when 

sinking  a  shaft. 
Bowke  (Staflfordshire).— A  small  wooden  box  for  hauling  ironstone  unde^ 

ground. 
Bowl  Metal.— The  impure  antimony  obtained  from  doubling. 
Bowse  (Derbyshire).— Lead  ore  as  cut  from  the  lode. 
Box.—(X)  A  12^  to  14'  section  of  a  sluice.    (2)  A  mine  car. 
Box  BiU.— Tool  for  recovering  boring  rods. 

Boxing. — A  method  of  securing  shafte  solely  by  slabs  and  wooden  p^s. 
Bra^e.-il)   An  inclined  beam,  bar,  or  strut  for  sustaining  compression 

or  tension.    See  Tie-Brace,  Sway-Bra>ce.    (2)  A  platform  at  the  top  of  a 

shaft  on  which  miners  stand  to  work  the  tackle.    (3)  (Cornish)  BmldiDg 

at  pit  mouth. 
Brace  Heads.— Wooden  handles  or  bars  for  raising  and  rotatiiig  the  rods 

when  boring  a  deep  hole. 
Braize. — Charcoal  dust. 
Brake  Seive.- Hand  jigger. 
Brances.— Iron  pyrites  in  coal. 
Branch.— SmaXi  vein  shooting  off  from  main  lode. 
Brashy.— Short  and  tender. 

Brasqtte.—A  mixture  of  clay  and  coke  or  charcoal  used  for  ftimace  bottoms. 
Brass.— (I)  Iron  pyrites  in  coal.    (2)  An  alloy  of  copper  and  rinc. 
Brasses  (English).— Fitting  of  brass  in  plummer  blocks,  etc.,  for  iHminiAiiig 

the  mction  of  revolving  journals  that  rest  upon  them. 
Brat.— A  thin  bed  of  coal  mixed  with  pyrites  or  limestone. 
Brattice.— A  lining  or  partition. 

Brattice  Cloth.— Ducking  or  canvas  used  for  making  a  brattice. 
Brazzil  (North  of  England).— Iron  pyrites  in  coal. 
Breaker.— In  anthracite  mining,  the  structure  in  which  the  coal  is  brokoi, 

sized,  and  cleaned  for  market.    Known  also  as  Goal  Breaker, 
Breaker  Boy.— A  boy  who  works  in  a  coal  breaker. 
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Breakstaff.—'ihQ  lever  for  blowing  a  olacksmiths'  bellows,  or  for  working 

bore  rods  up  and  down. 
Breakthrough.— X  narrow  passage  cut  through  a  pillar  connecting  rooms. 
Breast.— (ij  A  stall,  board,  or  room  in  which  coal  is  mined.    (2)  The  face  or 

wall  of  a  quarry  is  sometimes  called  by  this  name. 
Brea8t-and-Piuar,—A  system  of  working  coal  by  boards  or  rooms  with  pillars 

of  coal  between  them. 
Breasting  Ore.— The  ore  taken  from  the  face  or  end  of  the  tunnel. 
Breast  Wall  (English).— A  wall  built  to  prevent  the  faJling  of  a  vertical  fieice 

cut  into  the  natural  soil. 
Breccia.— A  rock  composed  of  angular  fragments  cemented  together. 
Breeding  Fire.—Qee  Gob  !?ire, 
Breese.— Fine  slack. 

Breeze. — Small  coke,  probably  same  as  braize  or  braise. 
Brettis  (Derbyshire).— A  timber  crib  filled  with  slack. 
Bridge.— {1)  A  platform  on  wheels  running  on  rails  for  covering  the  mouth 

of  a  shaft  or  slope.    (2)  A  track  or  platform  passing  over  an  inclined 

haulage  way  and  which  can  be  raised  out  of  tne  way  of  ascending  and 

descending  cars.    (3)  An  air  crossing. 
Bridle  Chains.Short  chains  by  which  a  cage,  car,  or  gunboat  is  attached  to 

a  winding  rope;  of  use  in  case  the  rope  pulls  out  oi  its  socket. 
Briquets.— Fuel  made  of  slack  or  culm  and  pressed  into  brick  form. 
BroOiChinq  Bit.— A  tool  for  reopening  a  bore  hole  that  has  been  pcfftially 

closed  by  swelling  of  the  walls. 
Brdb.—A  spike  to  prevent  timber  slipping. 
Broil  (Cornish).— Traces  of  a  vein  in  loose  matter. 

Broken.— A  district  of  coal  pillars  in  process  of  removal,  so  called  in  contra- 
distinction to  the  first  working  of  a  seam  by  bord-and-wall,  or  working 

in  the  "  whole."    See  Whole  Working. 
Broken  CooZ.- Anthracite  coal  that  will  pass  through  a  mesh  or  bars  3i  to 

4i  in.,  and  over  a  mesh  2|  in.  square.    (See  page  434.) 
Bronce  (Mexican).— In  mining,  copper  or  iron  pyrites. 
Brooch  (Cornish).— Mixed  ores. 
Brooching.— Smoothing. 

Brood  (Cornish).- Heavy  waste  from  tin  and  copper  ores. 
Brow.— An  underground  roadway  leading  to  a  working  place  driven  either 

to  the  rise  or  to  the  dip. 
Brovm  OooZ.— Lignite.    A  fUel  classed  between  peat  and  bituminous  coal. 
Brown  Spar. — Dolomite  containing  carbonate  of  iron. 
BroiDn8tone.—{l)  Decomposed  iron  pyrites.    (2)  Brown  sandstone. 
Broiwse.- Imperfectly  smelted  ore  imxed  with  cinder  and  clay. 
Brujida  (Mexican).— A  surveyors'  (or  marine)  magnetic  compass. 
Brush.— {i)  To  mix  air  with  the  gas  in  a  mine  working  by  swinging  a 

jacket,  etc.,  which  creates  a  current.    (2)  To  ''brush"  the  roof  of  an 

airway,  is  to  take  down  some  of  the  roof  slate,  to  increase  the  height 

or  headroom. 
Bryle  (Cornidi)  .—Traces  of  a  vein  in  loose  matter. 
Bucket.— iX)  An  iron  or  wooden  receptacle  for  hoisting  ore,  or  for  raising 

rock  in  shaft  sinking.    (2)  The  top  valve  or  clack  of  a  pump. 
Bvdcet  Pump.— A  lifting  pump,  consisting  of  buckets  fastened  to  an  endless 

belt  or  chain. 
Bucket  Sword.— A  wrouffht-iron  rod  to  which  the  pump  bucket  is  attached. 
Bucket  Tree.— The  pipe  between  the  working  barrel  and  the  wind  bore. 
Bt«cA:in5'.— Breaking  down  ore  with  a  very  broad  hammer,  ready  for  jigging. 
Bucking  Hammer.— An  iron  disk,  provided  with  a  handle,  used  for  breaking 

up  minerals  by  hand. 
Bitck  Quartz. — Hard  non-auriferous  quartz. 
Bu/:k  Sto#.— Uprights  for  bracing  reverberatory  fUmaces  together. 
Buckwheat.— AnihiKeite  coal  that  will  pass  through  a  mesh  i  in.  and  over  a 

mesh  i  in. 
Buddie.— An  inclined  table,  circular  or  oblong,  on  which  ore  is  concentrated. 
Buddling.— Washing. 
Buggy.— A  small  mine  car. 

Bu^  Hole.— A  small  cavity  usually  lined  with  crystals. 
Building.- A  built-up  block  or  pillar  of  stone  or  coal  to  support  the  roof. 
Buitron  (Spanish).— A  silver  furnace  of  peculiar  form. 
Bulkhead.— {!)  A  tight  partition  or  stopping.    (2)  The  end  of  a  flume  carry- 

ing  water  for  hydraulicking. 


^ 


576  BUL  0L088ASY,  Cal 

BuOdog,^A  reftactory  ftimace  lining  of  calcined  mm  cinder,  containing 
iron  and  ailiea. 

BuU  Engine.— A  single,  direct«cting  pumping  engine,  the  pump  rods  form- 
ing a  continuation  of  the  piston  rod. 

BuUer  Shot.— A  second  shot  put  in  close  to,  and  to  do  the  work  not  done  bj, 
a  blown<out  shot,  loose  powder  being  used. 

BuU.— An  iron  rod  used  in  ramming  clay  to  line  a  shot  hole. 

BuUiTig.—IADing  a  shot  hole  with  clay. 

BuUion.—Vncomed  gold  and  silver. 

Bull  Pump.— A  single-acting  pumping  engine  in  which  the  steam  cylinder  is 

S laced  over  the  shaft  or  slope  and  the  pump  rods  are  attached  directly  to 
tie  piston  rod.    The  steam  enters  below  the  piston  and  raises  the  pump 

rods;  the  water  is  pumped  on  the  down  stroke  by  the  weight  of  the  rods. 
BuU  Pup.— A  worthless  claim. 
BuU  Whed.—A  wheel  on  which  the  rope  carrying  the  boring  rod  is  coiled 

when  boring  by  steam  machinery. 
BvUy.—A  miners*  nammer. 

Bumping  Table.— A  concentrating  table  with  a  Jolting  motion. 
Bunch.— A  small  rich  deposit  of  ore. 
Bunding.— A  staging  in  a  level  for  carrying  debris. 
Bunkers.— Steajn  coal  consumed  on  bowrd  ship. 
Bunney.—A  nest  of  ore  not  lying  in  a  regular  vein. 
Buntona.— Timbers  placed  horizontally  across  a  shaft  or  slope  to  carry  the 

cage  guides,  pump  rods,  column  pipe,  etc.;  idso,  to  streniB:then  the  shaft 

timbering. 
Burden.— (1)  Earth  overlying  a  bed  of  usefiil  mineral.    (2)  The  proportion 

of  ore  and  flux  to  ftiel  in  the  charge  of  a  blast  Aimace. 
Burr.— Solid  rock. 
Borrow.— Reftise  heap. 

Butcones  (Spanish).— Prospectors,  fosslckers.  tribute  workers. 
Btt8h.—TQ  line  a  circular  hole  with  a  ring  of  metal,  to  prevent  the  hole  from 

wearing  out. 
Butt.— (1)  Goal  surface  exposed  at  right  angles  to  the  Hetce;  the  **ends*'  of 

the  coal.    (2)  The  butt  of  a  slate  quarry  is  where  the  overlj^ing  rock 

comes  in  contact  with  an  inclined  stratum  of  slate  rock. 
Butt  Entry.— A  gallery  driven  at  right  angles  with  the  butt  joint  (see  page  285). 
Butterfly  Valve.— A  circular  valve  uiat  revolves  on  an  axis  paswng  tnrou^ 

Its  center. 
Butt  Heading.— Qee  Butt  Entry. 
Button.— The  globule  of  metal,  the  result  of  an  assay. 
Button  Balance.— A  small  very  delicate  biUance  used  for  wel^^iing  assay 

buttons. 
Butty.— A  partner  in  a  contract  for  driving  or  mining;  a  comrade,  crony. 

Sometimes  called  "  Buddy." 
By  Level.— A  side  level  driven  for  some  unusual  but  necessary  purpose. 

Cab.~The  side  parts  of  a  lode,  nearest  the  walls,  which  are  generally  hard 

and  deficient  of  ore. 
OabaUo  (Mexican).— A  **  horse  "  or  mass  of  barren  rock  in  a  vein. 
Cabezuda  (Spanish).— Rich  gold  and  silver  concentrates. 
Cabin.— iX)  A  miner's  house.    (2)  A  small  room  in  the  mine  for  the  use  of  the 

officials. 
Cable  DriUing.— Rope  drilling. 

Cage.— A  platform  on  which  mine  cars  are  raised  to  the  surfitce. 
Cage  G^tofs.- Vertical  rods  of  pine,  iron,  or  steel,  or  wire  rope,  fixed  in  t 

shaft,  between  which  cages  run,  and  whereby  they  are  jxrevented  from 

striking  one  another,  or  against  any  portion  of  the  shaft. 
Cfet^er.— The  person  that  puts  the  cars  on  the  cage  at  the  bottom  of  the  shaft. 
Ca^  <%a<.— Scaffolding,  sometimes  fitted  with  strong  springs,  to  take  off*  the 

shock,  and  on  which  the  cage  drops  when  reaching  the  ^t  bottom. 
Cage  Sheets.— Short  props  or  catches  on  which  cages  stand  during  caging  or 

changing  cars. 
Oaking  Coal.— Coal  that  agglomerates  on  the  grate. 
Oo/.- Wolfram. 

Cola  (Spanish).— Prospecting  pit 
Oafcarwu«.— Containing  lime. 
Oo^ne.—To  heat  a  substance;  not  sufficiently  to  melt  it,  hut  enough  to  driTS 

offthe  volatile  contents. 
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OalekUng  Pumace.-^A  Itimace  used  for  roasting  ore  in  order  to  drive  off 

certain  impurities. 
Caliche  (Spanish). —Feldspar. 
California  Pump.— A  rude  pump  made  of  a  wooden  box  through  which  an 

endless  belt  with  floats  circulates;  nsed  for  pumping  water  from  shallow 

ground. 
Callys  ((Domish).— Stratified  rocks  traversed  by  lodes. 
Cam.—{1)  A  curved  arm  attached  to  a  revolving  shaft  for  raising  stamps. 

(2)  Carbonate  of  lime  and  fluorspar,  found  on  the  Joints  of  lodes. 
Camino  (Mexican).— Any  gallery,  winze,  or  shaft,  inside  of  a  mine  used  for 

general  transit. 
Campaign.— The  length  of  time  a  ftimace  remains  in  blast. 
Canada  (Mexican).— See  Barranca. 
Cancli^  or  Oaunc?ie.—{l)  A  thickness  of  stone  required  to  be  removed  to  make 

height  or  to  improve  the  gradient  of  a  road.    If  above  a  seam,  it  is 

termed  a  **  top  canch  ";  If  below,  a  "  bottom  canch."    (2)  A  trend  with 

sloping  sides  and  very  narrow  bottom. 
Cancha  (Spanish).— Space  for  drying  slimes. 
Oand  (Cornish).- Fluorspar. 
Cank  (Derbyshire).— Whinstone. 
Canker.— The  ocherous  sediment  in  coal-pit  waters. 
Cannel  Coal.— See  Classification  of  Coals  (page  170). 
OafUm  (Mexican).— A  level,  drift,  or  gallery  within  a  mine.     OatUm  de 

Guia.—K  drift  along  the  vein. 
Cants  (English).- The  pieces  forming  the  ends  of  buckets  of  a  waterwheel. 
Cap. — (1)  A  piece  of  plank  placed  on  top  of  a  prop.    See,  also.  Collar.    (2) 

The  pale  Dluish  elongation  of  the  flame  of  a  lamp  caused  by  the  presence 

of  gas. 
CapeUina  (Mexican).— An  old-style  retort  for  retorting  silver  amalgam. 
Caple  (Cornish).— Hard  rock  lining  tin  lodes. 
Cap  Rock.— The  upper  rock  that  covers  the  bed  rock. 
Capstan.— A  vertical  axle  used  for  heavy  hoisting,  and  worked  by  horizontal 

arms  or  bars. 
CVzptotn.— Cornish  name  for  manager  or  boss  of  a  mine. 
Cor.— Any  car  used  for  the  conveyance  of  coal  along  the  gangn^ays  or 

haula^  roads  of  a  mine. 
Carat.— A  weight  nearly  equal  to  4  grains. 

Carbon.— A  combustible  elementajry  substance  forming  the  largest  compo- 
nent part  of  coal. 
Carbona.—{l)  A  rich  bunch  of  ore  in  the  country  rock  connected  with  the 

lode  by  a  mere  thread  of  mineral.    (2)  ((k>rni^)  An  irregular  deposit 

of  tin  ore. 
Carbonaceous.— CoBlYt  containing  carbon  or  coal. 
Oarftotiofe.— Carbonic  acid  combined  with  a  base. 
Carbonates.— l/e&d  ore.    The  oxide  and  carbonic-acid  compounds  of  lead; 

also  applied  to  lead  sulphate. 
Carboniferotis. — Containing  or  canylng  coal. 
Carga  (Mexican).— A  charge.    A  mule  load,  generally  of  800  pounds,  but 

variable  in  diffferent  parts  ol  Mexico. 
Carriage.— 8ee  Cage  and  Slope  Cage. 
Cartridge.— Fsiper  or  waterproof  cylindrical  case  filled  with  gunpowder, 

forming  the  charge  for  blasting. 
Cascajo  (Mexican).— Gravel. 
Case.— A  fissure  admitting  water  into  a  mine. 
Case-Harden.— To  convert  the  outer  surface  of  wrought  iron  into  steel  by 

heating  it  while  in  contact  with  charcoal. 
CtMfnflr.— Tubing  inserted  in  a  bore  hole  to  keep  out  water  or  to  protect  the 

sides  firom  collapsing. 
Oast  Iron.— Fig  iron  that  contains  carbon  (up  to  Sjf),  silicon,  sulphur,  phos- 
phorus, etc. 
Oata  (Spanish).— A  mine  denounced  but  not  worked. 
Oatc?ies.—{l)  Iron  levers  or  props  at  the  top  and  bottom  of  a  shaft.    (2)  Stops 

fitted  on  a  cage  to  prevent  cars  from  running  off. 
Catch  Pit.— A  reservoir  for  saving  tailings  from  reduction  works. 
Oavf  ( North  of  England ) .—A  coal  bucket  or  basket. 
Cawdron  Bottoms.-The  fossil  remains  or  the  "casts"  of  the  trunks  of  sigil' 

laria  that  have  renmined  vertical  above  or  below  the  seam. 
Oatdk.— To  fill  seams  or  Joints  with  something  to  prevent  leaking. 
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Counter,  or  CawUer  Lode  (Oomish).— A  vein  ranning  obliquely  across  the 
regular  yeins  of  the  district. 

Ckive,  or  Cave  /n.— A  caving-in  of  the  roof  strata  of  a  mine,  sometiiiies  extend- 
ing to  the  BurfEice. 

Cavil8.^hots  drawn  by  the  hewers  each  quarter  year  to  determine  their 
working  places. 

Otiii^l;.— Baryta  sulphate. 

Cazeador  (Spanish).— Amalfipamator. 

Cazo  (Mexican).— A  yessel  for  hot  amalgamation.  Any  large  copper  or  iron 
yessel. 

CdHir  (Mexican).— (1)  To  melt  rich  ores,  or  lead  bullion,  etc.  in  a  smelting 
ftimace.    (2)  To  add  small  quantities  of  material,  from  time  to  time,  to 
-  the  melted  mass  within  a  furnace.    (8)  Generally,  to  feed  any  kind  of 
metallurgical  machinery  or  process. 

Cement.— (1)  Auriferous  gravel  consolidated  together.  (2)  A  finely  divided 
metal  obtained  by  precipitation.    (3)  A  mnding  material. 

CemerUaMon.— The  process  or  converting  wrought  iron  into  steel  by  heating 
it  in  contact  with  charcoal,  or  of  treating  cast  iron  in  a  bed  of  hema- 
tite ore. 

Cendrada  (Mexican).— The  cupel  bottom  of  a  ftimace. 

CendradiUa  (Mexican).— A  sniall  reverberaiory  fUmace  for  smelting  rich 
silver  ores  in  a  rough  way.    Also  called  Galeme. 

Center.— A  temporary  support,  serving  at  the  same  time  as  a  guide  to  the 
masons,  placed  under  an  arch  dunng  the  progress  of  its  construction. 

Centrifugal  Force,— A  force  drawing  away  ftom  the  center. 

CentripM  Force.— A  force  drawing  toward  the  center. 

Cfl4.— Marsh  gas  (see  page  848). 

Chain.— A  measure  66  or  100  ft.  long,  divided  into  100  links. 

Chain-Brow  Way.— An  underground  inclined  plane  worked  on  the  endless- 
chain  system  of  haulage. 

Chairi  Pillar.— A  pillar  left  to  protect  the  gangway  and  air-course,  and  run- 
ning parallel  to  these  x>assages. 

Chain  Roiid.— An  underground  wagonway  worked  on  the  endless-chain 
system  of  haulage. 

CAair.-^metimes  applied  to  keeps. 

Chamber.— See  Breast. 

Char  CO  (Mexican).— A  pool  of  water. 

Charge.— iX)  The  amount  of  powder  or  other  explosive  used  in  one  blast  or 
shot.  (2)  The  amount  of  flux  used  in  assaying.  (3)  The  material  fed 
into  a  rarnace  at  one  time. 

Charquear  (Mexican).— To  dip  out  water  fix)m  pools  within  the  mine, 
throwing  it  into  gutters  or  pipes  that  will  conduct  it  to  the  shaft. 

Chat8.—(1)  The  gravel-like  tailings  derived  from  the  concentratioh  of  ores. 
(2)  A  low-grade  ore,  often  too  i)oor  to  handle;  the  refUse  from  concen- 
tration works.    (3)  (North  of  England)  Small  pieces  of  stone  with  ore. 

Check'Baiiery.—A  battery  to  close  the  lower  part  of  a  chute,  acting  as  a 
check  to  the  flow  of  coal  and  as  an  air  stopping. 

Checker  CooZ.- Anthracite  coal  that  seems  to  be  made  up  of  rectangular 
grains. 

Check-  Weighman.—A  man  appointed  and  paid  by  the  miners  to  check  the 
weighmg  of  the  coal  at  the  surfieice. 

C/iceJfe.— Wall. 

Chert.— A  sllicious  rock,  often  the  gangue  of  lead  and  zinc. 

Chestnut  CboZ.- Anthracite  coal  that  will  pass  through  a  mesh  If  in.  square 
and  over  a  mesh  |  in.  square  (see  page  43i). 

Chiflon  (Mexican).— A  narrow  drift  airected  obliquely  downwards.  Any 
pipe  from  which  issues  water  or  air  under  pressure,  or  at  high  velocity. 

Chile  Bars.—Baia  of  impure  copper,  weighing  about  200  lb.,  imported  fh)m 
Chile,  corresponding  to  the  welsh  blister  copper,  containing  98j(  Cu. 

Chilian  Mill,— A  roller  mill  for  crushing  ore. 

Chill  Hardening.— Qivinf;  a  greater  hardness  to  the  outside  of  cast  iron  by 
pouring  it  mto  iron  molds,  which  causes  the  ikin  of  the  casting  to  oocm 
rapidly. 

CWmney.— (1)  An  ore  shoot.    (2)  A  ftimace  or  air  stack. 

Chinese  Pump.— Like  a  California  pump,  but  made  entirely  of  wood. 

Chock.— A  square  pillar  for  supporting  the  roof,  constmcted  of  prop  timber 
laid  up  in  alternate  cross-layers,  in  log-cabin  style,  the  center  oemg  filled 
with  waste. 
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Chokedamp.—Qet  Blackdamp. 

Chum  DriU.—A  long  iron  bar  with  a  cutting  end  of  steel,  used  in  quarrying, 
and  worked  by  raising  and  letting  it  fall.  When  worked  by  blows  of  a 
hanuner  or  sledge,  it  is  called  a  "  jumper." 

Chute  (also  spelled  ShtUe).—{l)  A  narrow  inclined  passage  in  a  mine,  dowa 
which  coal  or  ore  is  either  pushed  or  slides  by  gravity.  (2)  The  load- 
ing chute  of  a  tipple. 

Chuza  (Spanish).— A  catch  basin  for  mercury. 

Cido  (Mexican.)— A  ceiling.    Trabajar  de  Ctcto.— Overhead  stoping. 

Cinnabar.— M&ecvay  and  sulphur. 

Clack.— A  valve  that  is  opened  and  closed  by  the  force  of  the  water. 

Clcuik  Door.— The  opening  into  the  valve  chamber  to  facilitate  repairs  and 
renewals  without  unseating  the  pump  or  breaking  the  connections. 

Clack  Piece.— The  casting  formmg  the  valve  chamber. 

Clack  Seal.— The  receptacle  for  the  valve  to  rest  on. 

Cktggy  (North  of  England).— When  coal  is  tightly  ioined  to  the  roof. 

Claim.— A.  portion  of  ground  staked  out  and  held  by  virtue  of  a  miner's 
right. 

Clanny.—A  type  of  safety  lamp  invented  by  Dr.  Clanny. 

CtoA^.— Ck)nstituted  of  rocks  or  minerals  that  are  fragments  derived  from 
other  rocks. 

Clay  Course.— A  clay  seam  or  gouge  found  at  the  sides  of  some  veins. 

Claying  Bar.— For  molding  clay  in  a  wet  bore  hole. 

Clay  Band.— Argillaceous  iron  ore;  common  in  many  coal  measures. 

Clean-  Up.— CoUectine  the  product  of  a  period  of  work  with  battery  or  sluice. 

Clearance.— (1)  The  distance  between  the  piston  at  the  end  of  its  stroke  and 
the  end  of  the  cylinder.  (2)  The  volume  or  entire  space  filled  with 
steam  at  end  of  a  stroke  including  the  space  between  piston  and 
cylinder  head,  and  the  steam  ducts  to  the  valve  seat. 

Cleat.— (I)  Vertical  cleavage  of  coal  seams,  irrespective  of  dip  or  strike.  (2) 
A  small  piece  of  wood  nailed  to  two  planks  to  keep  them  together,  or 
nailed  to  any  structure  to  make  a  support  for  something  else. 

Cleavage.— The  property  of  splitting  more  readily  in  some  directions  than  in 
others. 

Clinometer.— An  instrument  used  to  measure  the  angle  of  dip. 

Clod.—&ott  and  tough  shale  or  slate  forming  the  roof  or  floor  of  a  coal  seam. 

Closed  Season.— yfhen  placers  cannot  be  worked. 

Clunch  (English).— Under  clay,  fireclay. 

Clutch.— An  arrangement  at  the  end  of  separate  shafts  by  means  of  which 
they  catch  into  each  other,  so  that  both  can  revolve  together. 

CoaZ  Breaker.— Bee  Breaker. 

Coal  Cutter.— A  machine  for  holing  or  undercutting  coal. 

Coal  Dust.— Very  finely  powdered  coal  suspended  m  the  airways  of  a  mine. 

Coal  Jfeo«wre«.— Strata  of  coal  with  the  attendant  rocks. 

Coai  Pipes  (North  of  England).— Very  thin  irregular  coal  beds. 

CkwZ  Road.— An  underground  roadway  or  heading  in  coal. 

OxdSmui. — See  Blossom. 

Coaly  Rashings.—Bott  dark  shale,  in  small  pieces,  containing  much  carbona- 
ceous matter. 

Coarse  (Coose).— When  lode  stuff"  is  not  rich,  the  ore  being  only  thinly  dis- 
seminated throughout  it. 

Coarse  Metal.— In  copper  smelting,  the  compound  containing  the  copper 
concentrated  in  it  after  the  first  smelting  to  get  rid  of  the  bulk  of  the 
gangue  in  the  ore. 

Cooafer.— One  that  picks  ore  from  the  dump. 

Cob  (Cornish).— To  oreak  up  ore  for  sorting. 

OMnng  Hammer.— A  short  double-ended  hammer  for  breaking  minerals  to 
sizes. 

Coftrc— Cuban  copper  ores. 

Cockermeg,  or  Cbcifcera.- Timber  used  to  hold  coal  face  while  it  is  being 
undercut. 

Cockle  (Cornish).— Black  tourmaline,  often  mistaken  for  tin. 

0)d  (North  of  England).— The  bearing  of  an  axle. 

Cofer  (Derbyshire).— To  calk  a  shaft  by  ramming  clay  behind  the  lining. 

6to#er.— Mortar  box  of  a  battery. 

Center  Dam.— An  enclosure  built  in  the  water,  and  then  pumped  dry  so  as  to 
permit  masonry  or  other  work  to  be  carried  on  inside  of  it. 

Coffin  (Cornish).- An  old  pit. 
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Goo  —A  cliock 

Cohete  (Mexican).— A  rocket;  applied  to  a  blast  within  a  mine  or  ontaide. 

CoU  Drag.— A  tool  for  picking  pebbles,  etc.  from  drill  holes. 

Coke.— The  fixed  carbon  and  ash  of  coal  sintered  together. 

Colas  (Spanish).— Tailings  from  a  stamp  mill  or  any  wet  process. 

CMlar.—{l)  A  flat  ring  surrounding  anjrthing  closely.    (2)  Collar  of  a  shaft 

is  the  nrst  wood  frame  of  a  shaft.   (3)  The  bar  or  crosi^iece  of  a  framing 

in  entry  timbering. 
CoUiery.—The  whole  plant,  including  the  mine  and  all  adjuncts. 
CoUiery  Warnings  (English).— Telegraphic  messages  sent  from  signsd-service 

stations  to  the  pnncipal  colliery  centers  to  warn  managers  of  mines 

when  sudden  falls  of  tne  barometer  occur. 
Colorados  (Spanish).— Decomposed  ores  stained  with  iron. 
CoUyrea  (Mexican).— Metal-stained  ground  or  rocks. 
Colrake.—A,  shovel  for  stirring  lead  ores  while  washing. 
Ctotor.— Minute  traces  or  individual  specks  of  gold. 
Column,  or  Column  Pi]>e.— The  pipe  conveying  the  drainage  water  from  the 

mine  to  the  surface. 
Comer  (Mexican ).— To  eat.    Comer se  los  PUares.— To  take  out  the  last  vestiges 

of  mineral  from  the  sides  and  rock  pillars  of  a  mine. 
CbncAoidcrf.— Shell-like,  such  as  the  curved  fracture  of  flint, 
otoncrcte.- Artificial  stone,  formed  by  mixing  broken  stone,  gravel,  etc.  with 

lime,  cement,  tar,  or  other  binder,     when  hydraulic  cement  is  used 

inst^td  of  lime,  the  mixture  is  called  beton  (English). 
Concretion.— A  cemented  aggregation  of  one  or  more  kinds  of  minerals 

around  a  nucleus. 
Conduit.— (1)  A  covered  waterway.    (2)  An  airway. 
Conduit  Hole.— A  flat  hole  drilled  for  blasting  up  a  thin  piece  in  the  bottom 

of  a  level. 
Conductors  (English).— See  Guides. 
Conformable.— StraXB.  are  conformable  when  they  lie  one  over  the  other  with 

the  same  dip. 
Conglomerate.— The  rock  formation  underlying  the  Coal  Measures;  a  rock 

containing  or  consisting  of  pebbles,  or  of  frasments  of  other  rocks 

cemented  together;  English  Pudding  Rock  or  milistone  grit. 
Conical  Drum.— The  rope  roll  or  drum  of  a  winding  engine,  constructed  in 

the  form  of  two  truncated  cones  placed  back  to  Mck,  the  outer  ends 

being  usually  the  smaller  in  diameter. 
Consumido  (Mexican).— The  amount  of  mercury  that  disappears  by  chem- 
ical combination  during  the  treatment  of  ore  by  any  amalgamation 

process. 
Contact.— Union  of  different  formations. 
Contact  Load  or  Vein.— A  vein  lying  between  two  diffferently  constituted 

rocks. 
Contour.— (1)  The  line  that  bounds  the  figure  of  an  object.    (2)  In  survey- 
ing, a  contour  line  is  a  line  every  point  of  which  is  at  an  equal  elevation. 
Oon^ramina  (Mexican).— Countermine.    Any  communication  between  two 

or  more  mines.    Also,  a  tunnel  communicating  with  a  shaft. 
Cope  (Derbyshire).— Lead  mining  on  contract. 
Oype,  or  Coup.— An  exchange  or  working  places  between  hewers. 
CopeliUa  ( Spanish )  .—Zinc-blende. 
Copdla  (Spanish).— Dry  amalgam. 
Cci>per  Mate.— A  sheet  of  copper  that,  when  coated  with  mercury,  is  used  in 

amalgamation. 
Corbond.— An  irregular  mass  from  a  lode. 
Cord.— A  cord  weighs  about  8  tons. 
C%wc8.— Cylinder-shaped  pieces  of  rock  produced  by  the  diamond-drill  system 

of  boring. 
Corf.— A  mine  wagon  or  tub. 
Cornish  Pumps.— A  single-acting  pump,  in  which  the  motion  is  transmitted 

through  a  walking  beam;  m  other  respects  similar  to  a  BuU  Pump. 
Coro-Coro  (South  American).— Grains  of  native  copper  mixed  with  pyrite, 

chalcopyrite,  misplckel,  etc. 
Cortar  Pillar  (Mexican).— To  form  a  rock  support  or  pillar  within  a  mine, 

at  the  opening  of  a  cross-cut  or  elsewnere. 
Cortar  Sogas  (Mexican).— Literallv,  to  cut  the  ropes.    To  abandon  the  mine, 

taking  away  everything  useftil  or  movable. 
Corve.—A  mining  wagon  or  tub. 


Cottean  (Cornldi).— To  ptOBfiecl  a  lode  by  Oaklng  ptts  on  Ita  mppoaei 
OMttaning.—TiamMDg  lOc  a  lode. 


tnchlng  lOc  a  lod 

lBh).-^Hiiing  ex 
)  iJecamposed  C 


CSm<  Boo*  (CoralBh),-  .        .„ _._. 

CWdm  Jtoct.— (1)  Beooniposea  chert.    (2)  A  vuiety  of  earthy  limestone. 
Goalee.— (1)  A  •ollfied  stresm  or  sheet  of  l&ra  exUDdlng  down  a  toIcuio, 
often  tOrmiDg'  &  ridge  or  spur.    (2)  A  deep  gnlch  or  water  channel, 

Oou7rier.—W  A  cross-rein.  (2)  (EoeliBh)  An  apparatus  fOr  recording  thn 
numbw  of  strokes  roade  by  toe  Comlsb  pumping  engine.  <3)  A  second- 
ary hauIageHay  In  a  oool  mine. 

CbunlorftuW.— A  chate  doirn  which  ooeJ  le  dumped  lo  a  lower  level  or 

CbantenranirHav.— A  level  or  gsogway  driven  at  a  higher  level  than  the 

ma&ione. 
CbrmCry.— The  fbnnalloa  traverged  by  a  lode. 
anally  Bock.— Th«  main  rock  of  the  r^on  through  which  the  veins  cut, 

or  that  snnoundlng  the  veins. 
Cburac— The  direetion  of  a  line  In  re^rd  to  the  poin-a  of  compass. 
Cbwrslnjl  or  Qntrting  the  ^<r.— Conducting  it  through  Che  difiterent  poiHoDS 

of  a  nUne  by  means  oTdoon.  noppinga,  and  hrattlcee. 
One.— A  B^^ctlrig  bcake. 
ChyoUng.—lrr^alm  mining  by  Bmalt  pits. 
Crab.—&  varied  of  wludtass  or  capstan  conslBtlng  of  a  short  shaft  or  axle. 

either  horlmnlal  or  vertical,  which  serves  ae  a  rope  drum  for  raising 

weights;  it  may  be  worked  b;  a  wincb  or  handaplkea. 
OoiH^ei.— Roles  often  met  with  In  the  bed  rock  of  alluvial.    Alsodepres- 

slone  on  the  sui&CB  owing  to  unequal  dlBlntegrstlon  of  the  underlying 

Cradie.—A.  box  with  a  sleva  mounted  on  rocken  for  washing  anrlferous 


IB  vertical 
ueiendof 


:TdU'«ke. 
.  (3)  Am 
bewordu 


the  lining  of  a  shaft,  or  the  construction  o: 


^rinE,  as  the  lining  of  a  shaft,  or  the  cons 
limber  and  earth  or  rock  to  support  a  root 


Orop  FW.—A.  caving  in  afthe  surface  ator  near  the  outcrop  of  a  bed  of  coal. 
O-c^np  Coal.— The  leaving  of  a  small  thickness  of  coal  at  the  bottom  of  the 

seam  In  a  worklneplace,  usually  in  order  to  keep  baek  water.   The  coal 

so  let!  Is  termed  "  Cropper  Coal. 
Crappfn!;!.— Portions  of  a  vein  as  seen  exposed  at  the  snrbce. 
Cropping  Out.— Appearing  at  the  surface;  outcropping. 
OroH-Cburif .— A  vein  lying  more  or  less  at  right  angles  to  the  regular  vMn  oi 


r 
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Oroi9cut.—{l)  A  tunnel  driyen  through  or  across  the  measures  ftom  one 

seam  to  another.    (2)  A  small  passageway  driven  at  right  angles  to  the 

main  gangway  to  connect  it  with  a  parallel  gangway  or  air-course. 
Cro99e8  arid  Botes  (Derbyshire).— Made  in  the  ground  by  the  discoverer  of  a 

lode  to  t^npoiarily  secure  possession. 
CroM-Heading, — A  passage  driven  for  ventilation  from  the  airway  to  the  gang- 
way, or  from  one  breast  through  the  pillar  to  the  adjoining  working. 
Cross-Heading,  or  Cross-Gateway.^ A  road  kept  through  goaf  and  cutting  off 

the  gateways  at  right  angles  or  diagonally. 
Cross-Hole.— See  Crosscut  (2). 
Cross- Latches. — See  Latches. 
Cross-Sour.— A  vein  of  quartz  that  crosses  the  reef. 
Cross-  vein.— An  intersecting  vein. 
Crouan  (Cornish).— Granite. 

Crowbar.— A  strong  iron  bar  with  a  slightly  curved  and  flattened  end. 
Crow/oot.—A  tool  for  drawing  broken  boring  rods. 
Crown  Tree.— A  piece  of  timber  set  on  props  to  support  the  roof. 
Crucero  (Mexican).— A  crosscut  for  ventilation  to  get  around  a  horse,  or  to 

prospect  for  the  vein. 
Orucibie.—{l)  The  bottom  of  a  cupola  fUrnace  in  which  the  molten  materials 

collect.    (2)  Pots  for  smelting  assays  m. 
Crush.— See  Squeeze,  Thrust. 

Crusher.— A  machine  used  for  crushing  ores  and  rock. 
Crushing.— R^uctioTi  of  mineral  in  size  bv  machinery. 
Crystal.- A  solid  of  definite  geometrical  form,  which  mineral  (or  sometimes 

organic)  matter  has  assumed. 
OuZm.— Anthracite-coal  dirt. 
Culm  Bank,  or  Culm  Dump.— Heaps  of  culm  now  generally  kept  separate 

fh>m  the  rock  and  slate  dumps. 
Cufla  (Mexican).- Literally,  a  wedge.    A  short  drill  or  picker  generally 

known  in  the  United  States  as  a  "  gad." 
Cupel.- A  cup  made  of  bone  ash  for  absorbing  lithai^e. 
Curb.— (1)  A  timber  frame  intended  as  a  support  or  foundation  for  the  lining 

of  a  shaft.    (2)  The  heavy  f^-ame  or  sill  at  the  top  of  a  shaft. 
Curbing.— The  wooden  lining  of  a  shaft. 

CtU.—(l)  To  strike  or  reach  a  vein.    (2)  To  excavate  in  the  side  of  a  hill. 
Cutter.— A  term  employed  in  speaking  of  any  coal-cutting  or  rock-cutting 

machines;  the  men  operating  them,  or  the  men  engaged  in  underholing 

by  pick  or  drill. 
Cutting  Doum.— To  cut  down  a  shaft  is  to  increase  its  sectional  area. 

Dam.— A  timber  bulkhead,  or  a  masonry  or  brick  stopping  built  to  prevent 
the  water  in  old  workings  f^om  flooding  other  workings,  or  to  confine 
the  water  in  a  mine  flooded  to  drown  out  a  mine  fire. 

Damp.— Mine  gases  and  gaseous  mixtures  are  called  damps.  See  also  4fter- 
damp,  Blackdamp,  Firedamp,  Stinkdamp. 

Dan  (Norih  of  England).- A  truck  without  wheels. 

Danger  Board. — See  Fireboard. 

Dant  (North  of  England).— Soft  inferior  coal. 

Datum  Water  Levd.—TYae  level  at  which  water  is  first  struck  in  a  shaft 
sunk  on  a  reef  or  gutter. 

Davy.— A  safety  lamp  invented  by  Sir  Humphrey  Davy. 

Day.— light  seen  at  the  top  of  a  shaft. 

Day  Fall.— See  Crop  Fall. 

Day  Shift.— The  relay  of  men  working  in  the  daytime. 

Dead.— The  air  of  a  mine  is  said  to  be  dead  or  heavy  when  it  contains  car- 
bonic-acid gas,  or  when  the  ventilation  is  sluggtoh. 

Dead.— (1)  Unproductive.    (2)  Unventilated. 

Dead  Mervs  Graves  (Australian).— Grave-like  mounds  in  the  basalt  unde^ 
lying  auriferous  gravels. 

Dead  Qitarte.— Quartz  carrying  no  mineral. 

Dead  Riches.— lioaA.  carrying  much  bullion. 

Dead  Roast.— To  completely  drive  off"  all  volatile  substances. 

Dcad«.— Waste  or  rubbish  fh)m  a  mine. 

Dead  ITorft.- Exploratory  or  prospecting  work  that  is  not  directly  pioductivai 
Brushing  roof,  lifting  bottom,  cleamng  up  falls,  blowing  loik,  etc 

Dean  (Cornish).— The  end  of  a  level. 

^Mons. — Fragments  fh)m  any  kind  of  disint^^ation. 
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Deep  (English).—"  To  the  deep,"  toward  the  lower  portion  of  a  mine;  hence, 
the  low^  workings. 

Ddta.^A  triangnlarly  shaped  piece  of  alluvial  land  at  the  mouth  of  the 
river. 

Demaeia  (Mexican).— A  piece  of  unoccupied  ground  between  two  mining 
concessions. 

jyenudation. — The  laying  bare  by  vfAter  or  other  agency. 

Denuncio  (Mexican).— Denouncement.  The  act  of  applying  for  a  mining 
concession  under  the  old  mining  laws. 

Ikpo9it.^{l)  Irregular  ore  bodies  not  veins.  (2)  A  bed  or  any  sedimentary 
formation. 

DeptUy  (English).— (1)  A  man  who  fixes  and  withdraws  the  timber  sup- 
porting the  roof  of  a  mine,  and  attends  to  the  safety  of  the  roof  and 
sides,  builds  stoppings,  puts  up  bratticing.  and  looks  after  the  safety  of 
the  hewers,  etc.  (2)  An  underground  otncial  who  sees  to  the  general 
safetv  of  a  certain  number  of  stalls  or  of  a  district,  but  does  not  set 
the  timber  himself,  although  he  has  to  see  that  it  is  properly  and  suffi- 
ciently done.    (3)  (American)  A  deputy  sheriff. 

Derrick.— (1)  A  crane  in  which  the  rope  or  chain  forming  the  stay  can  be 
let  out  or  hauled  in  at  pleasure,  thus  altering  the  inclination  of  the  jib. 
(2)  The  structure  erected  to  sink  a  drill  hole  and  the  framework  above 
shafUs  are  sometimes  called  by  this  name. 

Derrumbe,  or  Derrumbamineto  (Mexican).— The  caving  in  of  the  whole  or  a 
portion  of  a  mine. 

DesagiMdor  (Spanish).— A  water  pipe  or  drain. 

Desague  (Mexican). — Drainage  of  a  mine  by  any  means. 

Descargar  (Mexican).— Literally,  "to  unload."  Deecargar  un  Hoitio.—To 
tear  down  a  furnace. 

Descttbridora  (Mexican).— The  first  mine  opened  in  a  new  district  or  on  a 
new  mineral  deposit. 

Detecko  (Spani^^).— Foul  red  mercury. 

De^frvie  (Mexican).— Taking  out  ore.    Obroi  de  De^nt<c.— Stopes,  etc. 

Desmontar  (Mexican).— Literally,  to  clear  away  unaerbrush.  In  mining,  to 
take  away  useless  and  barren  rocks;  to  remove  rubbish. 

DeemorUet  (Spanish).— Poor  ores. 

DespfftM  (Mexican K—(l)  ApantryorstoreroouL  (2)  A  secure  room  to  lock 
up  rich  ore. 

Despoblado  (Spanish).— Ore  with  much  gangue. 

De^;>oblar  (Mexican).— To  suspend  work  in  a  mine. 

Deseue  (Cornish).— To  cut  away  the  ground  beside  a  thin  vein  so  as  to 
remove  the  latter  whole. 

Destajo  (Mexican).— (1)  A  contract  to  do  any  kind  of  work  in  or  about  a 
mine  or  elsewhere  for  a  fixed  price.  (2)  Piece  work,  as  distinguished 
from  time  work.    Destajero. — A  contractor  for  piece  work. 

Detackina  Hook.— A  self-acting  mechanical  contrivance  for  setting  free  4 
winding  rope  from  a  cage  when  the  latter  is  raised  beyond  a  certain 
point  in  the  head-gear;  the  rope  being  released,  the  cage  remains 
suspended  in  the  frume. 

DeviPs  jWce.— Cubes  of  limonite,  pseudomorphs  after  pyntes. 

Diagonal  Joints.— Joints  diagonal  to  the  strike  of  the  cleavage. 

Dial  (English).— An  instrument  similar  to  a  surveyor's  compass,  with 
vernier  attached. 

DtoKtw.— Surveying. 

Die.— The  bottom  iron  block  of  a  battery,  or  grinding  pan  on  which  the 
shoe  acts. 

Digging. — Mining  operations  in  coal  or  other  minerals. 

i>t^(;£n^.— Where  gold  and  other  minerals  are  dug  out  from  shallow 
alluvials. 

Dike.—8ee  also  Dyke. 

DiUies,  or  ^nne|/«.— Short  self-acting  inclines  where  one  or  two  tubs  at  a 
time  are  run. 

DiUueing  (Cornish).— Dressing  tin  slimes  in  a  fine  sieve. 

Dip.—{\)  To  slope  downwards.  (2)  The  inclination  of  strata  with  a  hori- 
zontal plane.    (8)  The  lower  workings  of  a  mine. 

Dip  Jbtn<.— Vertical  joints  about  parallel  to  the  direction  of  the  cleavage  dip. 

Dippa  (Cornish).— A  small  catch-water  pit. 

Dipping  Needle.— A  magnetic  needle  suspended  in  a  vertical  plane:  for 
locating  iron  deposits. 
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Dirt  FauU.^A  conAidoii  in  a  seam  of  ooal,  the  top  and  tMXttom  of  the 

being  well  defined,  but  the  body  of  the  vein  being  soft  and  dirty. 
Dish  (Cornish).— An  ore  measure;  m  lead  mines,  a  trough  28  in.  long,  4  in. 

deep,  and  6  in.  broad;  sometimes  1  gallon,  sometimes  14  to  16  pints. 
Disintegration.— Sep&TeMon  by  mechanical  means,  not  bv  decomposition. 
Diteh.—{1)  The  drainage  gutter  in  a  mine.    (2)  A  drainage  gutter  on  the 

surfiEtce.    (3)  An  open  conveyor  of  water  for  hydraulic  or  irrigation 

purposes. 
Divide.— The  top  of  a  ridge,  hill,  or  mountain. 
Dividing  State.— A  stratum  of  slate  separating  two  benches  of  coal.     See 

Parting. 
Divining,  or  Dowsing,  Rod.— A  small  forked  haiel  twig  that,  when  held 

loosely  in  the  hands,  is  supposed  to  dip  downwards  when  passing  over 

water  or  metallic  minerals. 
Dbacue  (Cornish).— See  Dessue. 
Dog.—{l)  An  iron  bar,  spiked  at  the  ends,  with  which  timbers  are  held 

together  or  steadied.   (2}  A  short  heavy  iron  bar,  used  as  a  drag  behind 

a  car  or  trip  of  cars  when  ascending  a  slope  to  prevent  their  running 

back  down  the  slope  in  case  of  accident.    See  Drcig. 
Dog  Hole.— A  little  opening  firom  one  place  in  a  mine  to  another,  smaller 

than  a  breakthrough. 
Dog  Iron.— A  short  bar  of  iron  with  both  ends  pointed  and  bent  down  so  as 

to  hold  together  two  pieces  of  wood  into  which  the  points  are  driven. 

Or  one  end  may  be  bent  down  and  pointed,  while  the  oth^  is  formed 

into  an  eye,  so  that  if  the  point  be  dnven  into  a  logt  the  other  end  may 

be  used  to  haul  on. 
Doles.— QsnaXl  piles  of  assorted  or  concentrated  ore. 
Dolly.— (I)  A  machine  for  breaking  up  minerals,  beinff  a  rough  pestle  and 

mortar,  the  former  being  attached  to  a  spring  pole  by  a  rope.    (2)  A 

tool  used  to  sharpen  drills. 
DoUy  Tab  (Cornish).— A  tub  in  which  ore  Is  washed,  being  agitated  by  a 

dolly  or  perforated  boards. 
Donk  (North  of  England).— Soft  mineral  found  in  cross-veina 
Donkey  Engine  (English).— (1)  A  small  steam  engine  attached  to  a  large  one, 

and  fed  firom  the  same  boiler;  used  for  pumping  water  into  the  ooiler. 

(2)  A  small  steam  engine. 
Door  Piece  (English).- The  portion  of  a  lift  of  pumps  in  which  the  dack  or 

valve  is  situated. 
Doors.- Wooden  doors  in  underground  roads  or  airways  to  deflect  the  air- 
current. 
Door  Tender.— A  boy  whose  duty  it  is  to  open  and  close  a  mine  docv  before 

and  after  the  passage  of  a  train  of  mine  cars. 
Dop^.- An  absorbent  for  holding  a  thick  liquid.    The  material  that  absorbs 

the  nitroglycerine  in  explosives. 
Double  8^ft—yfhen  there  are  two  sets  of  men  at  work,  one  set  relieving  the 

other. 
Dovble  Tape  Fusc—Txise  of  superior  quality,  or  having  a  heavier  and  strongs 

covering. 
Double  Timber.— Two  props  with  a  bar  placed  across  the  tops  of  them  to  aop- 

port  the  roof  and  sides. 
Dovmcast— The  opening  through  which  the  fresh  air  is  drawn  or  forced  into 

the  mine;  the  intake. 
Dradge  (Cornish).— (1)  Inferior  ore  separated  from  the  prill.    (2)  Pulvolaed 

reftise. 
Draftage.—A  deduction  made  from  the  gross  weight  of  ore  when  transported, 

to  allow  for  loss. 
Drag.—Q.)  The  frictional  resistance  offered  to  a  current  of  air  in  a  mine. 

(2)  See  Dog. 
Draw.—{1)  To  "  draw  "  the  pillars;  robbing  the  pillars  after  the  breasts  are 

exhausted.    (2)  An  effect  of  creep  upon  the  pillars  of  a  mine. 
Draw  a  Charge.— To  take  a  charge  from  a  ftimace. 
Drawlifl.—A  pump  that  receives  its  water  by  suction  and  will  not  force  it 

above  its  nead. 
Draw-Hole.— An  aperture  in  a  battery  through  which  the  coal  is  drawn. 
Drawing  an  Entry.— B.emoying  the  last  of  the  coal  from  an  entry. 
Drawn.— The  condition  in  which  an  entry  or  room  is  left  after  all  the  coal 

has  been  removed.    See  Robbed. 
Dresser  (Staffordshire).— A  large  coal  pick. 
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Dresafn^.— Preparing  poor  or  mixed  ores  mechanically  for  metallurgical 

operations. 
Dressing  Floors.— The  floors  or  places  where  ores  are  dressed. 
Drift.— [1)  A  horizontal  passage  underground.    A  drift  follows  the  vein,  as 

distinguished  Arom  a  crosscut,  which  intersects  it,  or  a  level  or  gallery, 

which  may  do  either.    (2)  In  coal  mining,  a  gangway  ahove  water 

level,  driven  from  the  surface  in  the  seam.    (3)  Unstratified  diluvium. 
Drifling.— Winning  pay  dirt  from  the  ground  by  means  of  drives. 
Dnll.—An  instrument  used  in  boring  holes. 
Drive  {Drift).  A  horizontal  passage  in  a  lode. 
Drive.— To  cut  an  opening  through  strata. 
DrivJTi^.— Excavating  horizontal  passages,  in  contradistinction  to  sinking  or 

raising. 
Driving  on  i>ine.— Keeping  a  heading  or  breast  accurately  on  a  given  course 

by  means  of  a  compass  or  transit. 
Dropper.— (1)  A  spur  dropi^ng  into  the  lode.    (2)  A  feeder.    (8)  A  branch 

leaving  the  vein  on  the  footwall  side.  (4)  Water  dropping  from  the  roof 
Drop  Shaft.— A.  monkey  shaft  down  which  earth  and  other  matter  are  lowered 

oy  means  of  a  drop  (i.  e.,  a  kind  of  pullev  with  break  attached);  the 

empty  bucket  is  brought  up  as  the  fliU  one  Is  lowered. 
Druflrfyonj  Staffordshire)  .—A  vessel  for  carrying  frei^  water  into  a  mine. 
DruTO.— The  cylinder  or  pulley  on  which  the  winding  ropes  are  coiled  or 

wound. 
Drum  Rings.— CtitXriion  rin&ng  with  projections  to  which  are  bolted  the 

laggings  forming  the  sunace  for  the  ropes  to  lap  on. 
Drttmmy.— Sounding  loose,  open,  shaky,  or  dangerous  when  tested. 
Druse.— A.  hollow  cavity  lined  with  small  crystals. 
Dry  Arruilgamation.—TTe&ting  ores  with  hot,  dry  mercury. 
Dry  Digginas.—FlAceTS  never  subject  to  overflow. 
Dry  Ore.— Argentiferous  ores  that  do  not  contain  enough  lead  for  smelting 

purposes. 
Duck  Machine.— An  arrangement  of  two  boxes,  one  working  within  the 

other,  for  forcing  air  into  mines. 
Dudas  (Mexican).— Staves  of  a  barrel  or  cask,  etc. 
Dumb* a. — Choked,  of  a  sieve  or  grating. 
Dumh  Drift.— K  short  tunnel  or  passage  connecting  the  main  return  airways 

of  a  mine  with  the  upcast  shaft  some  distance  aoove  the  fhrnace,  in  order 

to  prevent  the  return  air  laden  with  mine  gases  from  passing  through  or 

over  the  ventilating  furnace. 
Dump.-iV)  A  pile  or  heap  of  ore,  coal,  culm,  slate,  or  rock.    (2)  The  tipple 

by  which  the  cars  are  dumped.    (3)  To  unload  a  car  by  tipping  it  up. 

(4)  The  pile  of  mullock  as  discharged  frt>m  a  mine. 
Dumper.— A  car  so  constructed  that  the  body  may  be  revolved  to  dump  the 

material  in  front  or  on  either  side  of  the  track. 
Dum  (Cornish).— A  timber  frame. 
Dttrr  (German).— Barren  ground. 
D««<.— See  Coal  Dust. 
Dust  GoW.— Pieces  under  2  to  8  dwt. 
Duty.— The  unit  of  measure  of  the  work  of  a  pumping  engine  expressed  in 

foot-pounds  of  work  obtained  from  a  bushel,  or  100  lb.,  or  other  unit  of 

ftiel. 
DykCf  or  Dike.—(1)  A  wall  of  igneous  rock  passing  through  strata,  with  or 

without  accompanying  dislocation  of  the  strata.    (2)  A  fissure  filled  with 

igneous  matter.    (3)  Barren  rock. 
Dthu  (Cornish).— See  Dessue. 

Ear.— The  inlet  or  intake  of  a  fan. 

Echadero  (Mexican).— A  level  place  near  a  mine  where  ore  is  cleaned,  piled, 

weighed,  and  loaded  on  mules  or  other  conveyance.    Also  called  patio  of 

the  mine. 
Echado  (Mexican).— The  dip  of  the  vein. 
Edge  Coals  (English).— Highly  inclined  seams  of  coal,  or  those  having  a  dip 

greater  than  30°. 
JE^fflmrescence.-An  incrustation  by  a  secondary  mineral,  due  to  loss  of  water 

of  crystallization. 
jdd  (wales).— Copper. 
7g  Cl[>a2.— Anthracite  coal  that  will  pass  through  a  2f'  square  mesh  and 

over  a  2f'  square  mesh  (see  page  434). 
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JSIboto.— A  sharp  bend,  as  in  a  lode  or  pipe. 

Etectric  £to<<.— Instantaneous  blastinx  of  rock  by  means  of  electricity. 

EkvcUor  Pump.— An  endless  band  with  backets  attached,  running  oyer  two 

drums  for  draining  shallow  ground. 
Elvan.—A  Cornish  name  appli^  to  most  dike  rocks  of  that  county,  irre* 

spectiye  of  the  mineral  constitution,  but  in  the  present  day  restricted 

to  quartz  porphyries. 
Emborrascarae  (Mexican).— To  go  barren  by  the  vein  terminating  or  pinching 

out,  etc. 
^^pties.— Empty  mine  or  railroad  cars. 
Encino  (Mexican).— Live  oak. 
End  Joint  (End  Cleat).— A  joint  or  cleat  in  a  seam  about  at  right  angles  to 

the  principal  or  xace  cleats. 
Endless  Chain.— X  system  of  haulage  or  pumping  by  the  moving  of  an 

endless  chain. 
Endless  Rope.— A.  system  of  haulage  same  as  endless  chain,  except  that  a 

wire  rope  is  used  instead  of  chain. 
End,  or  .Sno-On.— Working  a  seam  of  coal  at  right  angles  to  the  principal 

or  face  cleats. 
Engine  Hanc—An  incline  up  which  loaded  cars  are  drawn  by  a  rope 

operated  by  an  eneine  located  at  the  top  or  bottom  of  the  incline.    The 

empty  cars  descend  by  gravity,  pulling  tne  rope  after  them. 
Engineer.— {!)  One  who  has  charge  of  the  surveying  or  machinery  about  a 

mine.    (2)  One  who  runs  an  engine. 
Ensayes  (Mexican).— Assays. 

Entibar  (Mexican).— To  timber  a  mine  or  any  part  thereof. 
Entry.— A  main  haulage  road,  gangway,  or  airway.  An  underground  passage 

used  for  haulage  or  ventilation,  or  as  a  man  way. 
Entry  Stumps.— FiliaiB  of  coal  left  in  the  mouths  of  abandoned  rooms  to 

support  the  road,  entry,  or  gangway  till  the  entry  pillaxs  are  drawn. 
Erosion.— The  wearing  away  of  rocks  by  rains,  etc. 
EsccUeras  (Mexican).— Ladders,  generally  made  of  notched  sticks. 
Escarpment.— A  nearly  vertical  natural  face  of  rock  or  soil. 
Escorta  (Mexican).— Slag  or  cinders. 
JS^conaJ.— Slag  pile. 

EscorifUxidor  (Mexican).— A  scorifier,  in  assaying. 

Espejudo  (Mexican).— A  mineral  gangue,  with  a  faintly  reflecting  soifaoe. 
Espeton  (Mexican).— The  tapping  bar  of  a  smelting  fUrnace. 
Esiano  (Spanish).— Tin. 

Estrujon  (Mexican).— A  second  collection  of  amalgam,  generally  very  pasty. 
Exploder.— A  chemical  employed  for  the  instantaneous  explosion  of  powder. 
E3^loit€Uion.— The  workinir  of  a  mine,  and  similar  undertakings;  the  exami- 
nation instituted  for  that  purpose. 
Exploration. — Development. 
EaptoOTon.— Sudden  ignition  of  a  body  of  firedamp. 
Eye  (English).— (1)  A  circular  hole  in  a  bar  for  receiving  a  pin  and  for 

other  purposes.    (2)  The  eye  of  a  shaft  is  the  very  beginning  of  a  pit. 

(8)  The  eye  of  a  fan  is  the  central  or  intake  opening. 

Faot.~(l)  The  place  at  which  the  material  is  actually  being  worked,  either 
in  a  breast  or  heading  or  in  longwall.    (2)  The  end  of  a  drift  or  iunneL 

Face-On.— Yi hen  the  face  of  the  breast  or  entiy  is  parallel  to  the  &ce  cleats 
of  the  seam  (see  page  285) . 

Face  Wall.— A  wall  built  to  sustain  a  face  cut  into  the  natural  earth,  in 
distinction  to  a  retaining  wall,  which  supports  earth  deposited  behind  it 

Faenas  (Mexican).— Dead  work,  in  the  way  of  development. 

Fahlband  (German).— A  course  impregnated  with  metallic  sulphides. 

Faiscador  (Spanish).— A  gold  washer. 

Fall.—{1)  A  mass  of  roof  or  side  which  has  fallen  in  any  part  of  a  mine. 
(2)  To  blast  or  wedge  down  coal. 

FcUse  Bedding.— iTTegul&T  lamination,  wherein  the  laminse,  though  for 
short  distances  parallel  to  each  other,  are  oblique  to  the  general  strati- 
fication of  the  mass  at  varying  angles  and  directions. 

False  Bottom.— n )  A  movable  bottom  In  some  apparatus.  (2)  A  stratum  on 
which  pay  dirt  lies,  but  which  has  other  layers  below  it. 

Fahe  Cleavage.— A  secondary  slip  cleavage  superinduced  on  slaty  cleavage. 

Fuse  Set.- 'A.  temporary  set  of  timber  used  until  work  is  Air  enough  advanced 
to  put  in  a  permanent  set. 
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Aap(Nortbitf  EDBlKDd).— Thin  beds  of  aoit  lough  shale. 

pan.— A  machine  tor  creBitiiig  a  clrculBiiiin  of  hIt  in  a  mine. 

ftm  Drm,—ABtton  Cuimel  or  conduit  leading  from  the  top  or  the  alr-diaRto 

Fbnega  (MeTican].~A  Bpaniah  measure  of  about  21  bnabels. 

WiBu  (DerbyBhire).— An  ^t-courae. 

flucina  ( English ).— Bunches  of  twiga  and  small  branches  fbt  fbrming 
tbundatloiia  on  soft  groond. 

KMt.— (1)  A  '■'>»d  driven  in  a  seam  with  the  solid  coal  at  each  side.  "  Fast 
at  an  end,"  or  "  fast  at  one  side,"  implies  that  one  side  is  solid  coal  and 
the  other  open  to  the  goaf  or  some  previous  ctcavatioo.    (2)  Bed  nwli. 


fima.—JL  traeCan  or  dlaturbance  of  the  strata  breabjng  the  continuity  of 

the  fbnnatioii. 
FaUher.—A  sUgbtl;  pro}ecUng  Darroir  rib  lengthwise  on  a  sb^.  airanged 

lo  catch  Into  a  correepondiDg  BTOOve  la  anftbing  that  aurroUDds  and 

bottom.    (2)  The  thin  end 
or  drills  of  iDck-drilling  or 


Fire  Bom.— AD  undergnnmd  official  nho  examines  the  mine  for  gas  and 
inspects  safety  lamps  taken  Icilo  the  mine. 

Fireclay.— Aaj  day  that  will  wilhatand  a  great  beat  without  vitrltjlng. 

Firedamp.— tl)  A  mixture  of  light  carburetted  hTdiogen  (CH,)  end  air  in 
eiplo^ve  proportional  ofteu  applied  to  CBt  alone  or  lu  any  exploalva 
tnixture  of  mine  gases. 

Fireman See  Fire  Boti, 

FireSdting.-TbB  process  of  exposing  very  hard  rock  to  Intense  heat,  ren- 
dering it  thereby  easier  for  breaking  down. 

Pint  ffbrkno.— Bee  UTvile  IVvrting. 

.FfrWt.— The  best  ore  piulied  from  a  mine. 

Fielt.—To  Join  two  beams,  rails,  etc.  together  by  long  t^eces  at  tbeit  aides. 

FiMUrc—An  eiWnslve  crack. 

Jismire  IWn,— Any  mloerallied  crevice  In  the  rock  of  very  great  depth. 

J^JoiTs.—Broad  flat  stones  for  paving. 

^Jo^lont.— Any  kind  of  a  stone  uiat  separates  naturally  into  thin  tabular 
plates  suitable  tbr  pavements  and  curbing.  Especially  applicable  to 
sandstone  and  sohlsts. 

Flang  (Comiah). — A  double-pointed  pick. 

Flange  (English).— A  projecnng  ledge  or  rim. 

Fka.—il)  A  dlstrtfitor  set  ofwralitnite  separated  by  faults,  old  workings,  or 
barriers  of  solid  coal.  (2)  The  siding  or  station  laid  with  two  or  more 
linesofrallway,  to  which  the  puttersliting  the  fbU  cars  ftom  the  work- 
ing face,  and  where  they  get  the  empty  cars  to  take  tiack.  (3)  The  area 
of  working  places,  tn»a  which  coal  la  brought  to  the  same  etauon,  la  also 
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Flat  fiod.— A  horlBontal  rod  for  oonveyinff  power  to  a  distance. 

iWa.— Narrow  decomposed  parts  of  limestones  that  are  mineralised. 

Flat  SheeL—Sheetriion  flooring  at  landings  and  in  the  plats,  chambers,  and 

Junctions  of  drives,  to  Cetciutate  the  turning  and  management  of  trucks. 
WaU  (Cornish).— Foot-wall. 
Flintshire  J^moce.— A  kind  of  reverberatory  fhmace  used  for  smelting  lead 

ores. 
Float.— Broken  and  transported  particles  or  boulders  of  vein  matter. 
Float  (?oM.— Gold  in  thin  scales,  which  floats  on  water. 
Float  Ore.— A  term  applied  by  miners  to  ore  found  loose  in  the  clay  or  soil. 
Float  Stone9.—Looa&  boulders  firom  lodes  lying  on  or  near  the  surfistce. 
Flood  Qate  (English).— A  gate  to  let  off  excess  of  water  in  flood  or  other 

times. 
Floor.— {!)  The  stratum  of  rock  upon  which  a  seam  of  coal  immediately 

lies.    (2)  That  part  of  a  mine  upon  which  you  walk  or  upon  which  the 

road  bed  is  laid. 
Floram  (Cornish).— Very  fine  tin. 
Flour  G'oJd.— The  finest  alluvial  sold. 
Flouring.— M^cmy  reduced  to  fine  globules  that  are  easily  contaminated 

and  will  not  amalgamate. 
Flucan.-^A  soft,  greasy,  clayey  substance  found  in  the  Joints  of  veins. 
Fluke.— A  rod  for  cleaning  out  drill  holes. 
^{um«.— An  artificial  watercourse. 
Fluming—lAftiTig  a  river  out  of  its  bed  with  wooden  launders  or  pipes,  in 

order  to  get  at  the  bed  for  working. 
Flu8h.—{1)  To  clean  out  a  line  of  pipes,  gutters,  etc.  by  letting  in  a  sadden 

rush  of  water.    (2)  The  splitting  of  the  edges  of  stone  under  pressure. 

(3)  Forming  an  even  continuous  line  or  surface.    (4)  To  fill  a  mine 

with  fine  material. 
Fluthfverk  (German).— River  prospecting. 
Flux.— Iron  ore,  limestone,  and  sand,  which  are  added  in  various  fHX>por- 

tions  to  the  charge  in  a  fUmace  to  make  the  gangue  melt  up  and  now 

off  easily. 
Fodder  (North  of  England).— 21  cwt.  of  lead. 
Following  Stone.— Roof  stone  that  fiEills  on  the  removal  of  the  seam. 
Foot  (Cornish).— 2  gallons,  or  60  lb.,  black  tin. 
.Fbo^-fTo^e.- Holes  cut  in  the  sides  of  shafts  or  winzes  to  enable  miners  to 

ascend  and  descend. 
Foot-Piece.— (1)  A  wedge  of  wood  or  part  of  a  slab  placed  on  the  foot-wall 

against  which  a  stull  piece  is  jammed.    (2)  A  piece  of  wood  placed  an 

the  floor  of  a  drive  to  support  a  1^  or  prop  of  timber. 
Foot-  WaU.—The  lower  boundary  of  a  lode. 
-Fbo^ioaj/.- Ladders  in  mines. 
Force  Fan. — See  BU/wdown  Fan. 
Force  Piece.— Diagonal  timbering  to  secure  the  ground. 
Force  Pump.— A  pump  that  forces  water  above  its  valves, 
i^brebaj/.— renstock.    The  reservoir  from  which  water  passes  directly  to  a 

waterwheel. 
.Fbrepo^tnfy.- Driving  the  poles  over  the  timbers  so  that  their  ends  project 

beyond  the  last  set  oi  timber,  so  as  to  protect  the  miner  from  roof  nUs; 

used  also  in  quicksand  or  other  loose  material. 
Forewinning.— The  first  working  of  a  seam  in  distinction  from  pillar  drawing. 
Fiyrk.—{1)  A  deep  receptacle  in  the  rock,  to  enable  a  pump  to  extract  the 

bottom  water.    A  pump  is  said  to  be  "  goine  in  fork  "  when  the  water  is 

so  low  that  air  is  sucked  through  the  windbore.    (2)  (GomiBh)  Bottom 

of  sump.    (3)  (Derbyshire)  Prop  for  soft  ground. 
Formation.— A  series  of  strata  that  belong  to  a  single  geological  age. 
FoBsickers  (Australian).— Grubbers  for  gold  in  the  oeach  sand. 
^tfsicJbtn^.— Overhauling  old  workings  and  reftise  heaps  for  gold. 
^88i2.— Organic  remains  or  impressions  of  them  found  in  mineral  matter. 
Fother  (North  of  England).— j  chaldron, 
^ame.— A  table  composed  of  boards,  slightiy  inclined,  over  which  water 

runs  to  wash  off  waste  from  sluice  tin. 
I^rame  Set.— The  legs  and  cap  or  collar  arranged  so  as  to  support  a  passage 

mined  out  of  the  rock  or  lode;  also  called  Framing. 
Free.--<k>a.\  is  said  to  be  ••  free  "  when  it  is  loose  and  easily  mined,  or  when  It 

will  •♦  run  "  without  mining. 
fVee  MiUing.— Ores  requiring  no  roasting  or  chemical  treatment 
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Free  JftfMf.—Lioeiifled  miner. 

Fresno  (Mexican).— An  ash  tree. 

Fronton  (Mexican).— Any  working  fluse. 

FSuik  (Mexican).— A  bellows. 

Fwrnacc—A  laige  coal  fire  at  or  near  the  bottom  of  an  npcast  diaft,  for  pro- 
ducing a  current  of  air  for  yentilating  the  mine. 

Fwmace  shofU—The  upcast  shaft  in  fUmace  ventilation. 

Fu8e,—{1)  A  hollow  tube  filled  with  an  explosiye  mixture  for  igniting  car- 
tridges.  ^2)  To  melt. 

Osbarro  (Mexican).— Ore  in  larse  pieces,  firom  egg  size  up. 

Oad.—A  small  steel  wedge  used  for  loosening  j<^ty  ground. 

€hd  (Cornish).— Hard  gossan. 

OcUapago  (Mexican).— A  turtle-shaped  pig  of  lead. 

Oafe.— A  grant  of  mining  ground. 

Qaiemador  (Spanish).- A  silyer  fUmace. 

Oaleme  (M^ucan).— A  reverberatory  fUmace.    See  OendradiUa, 

Oalera  (Mexican).— A  shed;  any  long  or  large  room;  a  storehouse. 

Gki^to^e.- Royalty. 

CfctUery. — ^A  horizontal  passage. 

Oallo8  (Mexican).— Rich  specimens  of  silver  or  gold  ore,  particularly  those 

that  show  native  silyer  or  gold. 
Oattows  F^me.—The  fhime  supporting  a  pulley  over  which  the  hoisting  rope 


passes  to  the  engine. 
Oambucino  "' 


(Mexican)  .—A  prospector  for  gold  placers  or  ores. 
Ctony.— A  set  of  miners,  a  '*  shift" 
Cton^ue.— Waste  material  firom  lodes. 
Oanaway.— The  main  haulage  road  or  level. 
Oamster.—A  hard,  compact,  extremelv  silicious  fireclay. 
Oarabaia  (Mexican).— A  curved  iron  bar  used  in  copper  smelting. 
Ods.—See  Firedamp.    Any  firedamp  mixture  in  a  mine  is  called  gas, 
Oas  Cbo^.— Bituminous  coal  containing  a  large  percentage  of  gas. 
Oask  Vein.— A  wedge-shaped  vein. 
Q<uket.—A  band  or  ring  of  any  material  put  between  the  fianges  of  pipes 

before  bolting,  to  make  them  water-tight  or  steam-tight. 
Gatches  (Oomish).— Final  sludge  firom  Hn  dressing. 

date.— An  underground  road  connecting  a  stall  or  bceast  with  a  main  road. 
0<Ueway.'-'il)  A  road  kept  through  goaf  in  longwall  working.    (2)  A  gang- 
way havmg  ventilating  doors. 
Qauffe  Door.— A  wooden  door  fixed  in  an  airway  for  regulating  the  supply 

of  ventUation  necessary  for  a  certain  district  or  number  of  men. 
Oauae  Pressure.— The  pressure  shown  by  an  ordinary  steam  gauge.    It  is 

the  pressure  above  that  of  the  atmosphere. 
Oears,  or  Pair  of  Gear 8.— {1)  Two  props  and  a  plank,  the  plank  being  sup- 
ported by  the  props  at  either  end.    (2)  The  teeth  of  a  gear-wheel  or 

pinion. 
Oeoaes.—Lsage  nodules  of  stone  with  a  hollow  in  the  center. 
Oeordie.—A  wiety  lamp  invented  by  George  Stephenson. 
Oevser.— Natural  fountidn  of  hot  water  and  stecun. 
Gio.— (1)  A  short  prop  of  timber  by  which  coal  is  supported  while  being 

holed  or  undercut.   (2)  A  piece  of  metal  often  used  in  the  same  hole 

with  a  wedge-shaped  key  for  holding  pieces  together. 
Qinney8,—Qee  JHUies. 
QiUf  or  Horse  Oin.—A  vertical  drum  and  firamework  by  which  the  minerals 

and  dirt  are  raised  firom  a  shallow  pit. 
Oiraffe.—A  mechanical  appliance  for  receiving  and  tipping  a  car  fiill  of  ore 

or  waste  rock  when  it  anives  at  the  surfiice. 
Oirdle.—A  thin  bed  or  band  of  stone.    A  roof  is  described  as  a  post  roof 

with  metal  girdles,  or  a  metal  roof  with  post  girdles,  according  as  the 

post  or  the  metal  predominates. 
G*^  (Oomish).— Micaceous  iron  ore.  ,    . 

Ooctf,  or  Ooat^— That  part  of  a  mine  ih>m  which  the  coal  has  been  worked 

away,  and  the  space  more  or  less  filled  up  with  waste. 
flto6.— (1)  Another  word  for  Ooaf.    (2)  To  leave  coal  and  other  minerals 

that  are  not  marketable  in  me  mine.    (S)  To  stow  or  pack  any  useless 

underground  roadway  with  rubbish.  -    ,    i_  i 

Oob  i>lr«.— Spontaneous  combustion  underground  of  fine  coal  and  slack  in 

the  gob. 
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QotMng  C^.—Filling  with  waste. 

Qoh  Road.— A  roadway  in  a  mine  carried  through  the  goaf. 

Going  Headways,  or  Going  Bord.—A  headway  or  bord  laid  with  rails,  and 

used  for  conveying  the  coal  tubs  to  and  fh>m  the  face. 
Golpeador  (Mexican).— A  striker,  in  hand  drilling. 
Gossan.— A  spongy  ferruginous  oxide,  left  after  the  soluble  substances  have 

been  dissolvea  out  of  a  lode. 
Goths  (Stafifordshire).— Sudden  burstings  of  coal  trom  the  fiice,  owing  to 

tension  caused  by  unequal  pressure. 
Gouge.— The  layer  of  clay,  or  decomposed  rock,  that  lies  along  the  wall  or 

walls  of  a  vein.    It  is  not  always  valueless. 
Grade.— The  amount  of  fall  or  inclination  in  dutches,  flumes,  roads,  etc. 
Grain.— An  obscure  vertical  cleavage  usually  more  or  less  parallel  to  the  end 

or  dip  joints. 
Grama  (Mexican).— Metallic  minerals  firom  the  size,  of  rice  to  that  of 

hens'  eggs. 
Grasa  (Mexican).— Literally,  grease.    Slags. 
Grass.— The  surmce  of  the  ground. 
Grassero  (Spanish).— Slag  heap. 
Grate  Ctocw.— See  Broken  Coal. 
Grating.— A  perforated  iron  sheet  or  wire  gauze  placed  in  fh>nt  of  reducing 

machinery. 
Gravel.— W&ter-wom  stones  about  the  size  of  marbles. 
Gray  Metal.— Shale  of  a  grayish  color. 
GrayuDacke.—A  compact  gray  sandstone  frequently  found  in   Paleozoic 

formations. 
Greenstone. — A  general  term  employed  to  designate  green-colored  igneous 

rocks,  as  diorite,  dolerite,  diabase,  gabbro,  etc. 
Grena  (Spanish).— Undressed  ore. 

Greta  (Mexican).— Impure  litharge  formed  in  a  reverberatory  ftimace. 
Griddle.— A  coarse  sieve  used  for  sifting  ores,  clay,  etc. 
Grizzly.— A   grating   to    throw    out   large   stones   from    hydraulic    gold 

sluices. 
Ground  Rent.— B,ent  paid  for  surfietce  occupied  by  the  plant,  etc.  of  a 

colliery. 
Groundsill.— A  log  laid  on  the  floor  of  a  drive  on  which  the  legs  of  a  set  of 

timber  rest. 
Ground  Sluicing.— Washing  alluvial,  loosened  by  pick  and  shovel,  in  trenches 

cut  out  of  the  bed  rock,  using  bars  of  rock  as  natural  riflQes.    Used  in 

shallow  placers,  hill  claims,  bank  claims,  and  stream  digsrings. 
Grout  (English).— Thin  mortar  poured  into  the  interstices  between  stones 

and  bncks. 
Grove  (Derbyshire).— A  mine. 

Grub  Stake.— The  mining  outfit  or  supplies  furnished  to  a  prospector  on  con- 
dition of  sharing  in  his  finds. 
Grueso  (Mexican).— Lump  ore. 
Grundy.— Granulated  pig  iron. 
Guaa  (Cornish).— Work^-out  ground. 
Gucudria  (Mexican).— A  long  and  stout  beam,  generally  sustaining  oth^ 

beams  or  some  heavy  we%ht. 
Guano.— A  brown,  gray,  or  white,  light  powdery  deposit,  consisting  mainly 

of  the  excrement  of  sea  fowl  in  rainless  tracts,  or  of  bats  in  caves. 
Guarda  Raya  (Mexican).— A  landmark;  a  monument. 
Quardas  (Mexican).— The  country  seat  immediately  enclosing  any  metal* 

liferous  vein  or  deposit. 
Gubbin. — Ironstone. 

Quia  (Mexican).— Indications  where  to  cut  a  pay  streak  or  to  find  a  vein. 
Guides.— See  Cage  Guides. 
Guija  (Spanish).— Quartz. 
Outjo  (Mexican).— A  pointed  pivot,  upon  which  turns  the  upright  center 

piece  of  an  arrastre,  of  a  door,  etc. 
Gunboat.— A  self-dumping  car,  holding  from  5  to  8  tons  of  coal,  used  upon 

inclined  planes  or  slopes.    Thev  are  fill»i  by  emptying  the  mine  cars 

into  them  at  the  foot  of  the  slope. 
Gunnies  (Cornish).— 3  ft. 

GuH  (Cornish).- Water  runnel  from  dressing  floor. 
Gutter.— {1)  A  small  water-draining  channel.    (2)  The  lowest  part  of  a  lead 

that  contains  the  most  highly  auriferous  dirt. 
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HaoltiMla  dt  Bentfloio  (Mexican).— In  mining,  a  metallurgical  works;  any 
metallurgical  works,  usually  an  amalgamation  works. 

Hacienda  de  FundiHon  (Mexican).— A  smelting  works. 

Hacienda  de  MaquUa  (Mexican).— A  custom  mill. 

Hade.— -The  inclination  of  a  vein  or  fault,  taking  the  vertical  as  zero. 

Haiam  (Wales).— Iron. 

Ha^  Course.— (1)  At  an  angle  of  45°  from  general  or  previous  course.  (2) 
Half  on  tlie  level  and  naif  on  the  dip. 

Half  Set.— One  leg  piece  and  a  cap. 

ifomtna.— Gfingue  containing  a  little  ore. 

Hammer-and-JPUite.—A  signaling  apparatus. 

Hand  Barrow.— A  long  box  with  handles  at  each  end. 

Hand  Dog.— A  kind  of  spanner  or  wrench  for  screwing  up  and  disconnecting 
the  joints  of  boring  rods  at  the  surface. 

Handi^pUkc—A  wooden  lever  for  working  a  capstan  or  windlass. 

Handwfdp.— An  apparatus  used  in  shallow  alluvial  workings,  consisting  of 
an  upright,  at  tne  top  of  which  is  balanced  a  long  sapling;  at  the  tmck 
end  of  the  sapling,  a  bag  of  earth  is  fastened  to  counterbalance  the 
bucket  of  dirt  to  be  raised  at  the  other  end. 

Hanaer-On.— The  man  that  runs  the  loaded  cars  on  to  the  cages  and  gives 
tne  signal  to  hoist.    See  Cager. 

Hanging  Spear  Itod.— Wooden  pump  rods  adjustable  by  screws,  etc.  by  which 
a  sinking  set  of  pumps  is  suspended  in  a  shaft. 

Hanging  WaU.—Jn  metalliferous  mining,  the  stratum  lying  geologically 
airectly  above  a  bed  or  vein. 

Hardhead.— Re^due  from  tin  refining;  contains  much  iron  and  arsenic. 

Harrow;.— Somewhat  like  an  agricultural  harrow;  it  is  fixed  to  the  pole  of  a 
puddling  machine  and  dragged  around  to  break  up  and  mix  the  aurifer- 
ous clays  with  water. 

Hatajo  (Mexican).— A  drove  of  pack  mules. 

Hai  Eoaers.— Cast-iron  or  steel  rollers  shaped  like  a  hat,  revolving  on  a 
vertical  pin,  for  guiding  Inclined  haulage  ropes  around  curves. 

HoUer.-A  imner  working  by  himself  on  his  own  account. 

HatUage  CMp.— Levers,  jaws,  wedges,  etc.  by  which  cars,  singly  or  in  trains, 
are  connected  to  the  hauling  ropes. 

HatUing.-The  drawing  or  conveying  of  the  product  of  the  mine  from  the 
workingplaces  to  the  bottom  of  the  hoisting  shaft,  or  slope. 

Brat«nc/»C8.— Tne  parts  of  an  arch  from  the  keystone  to  the  skew  back. 

Hoj^  (North  of  England).— Sandstone  mixed  with  shale. 

Head.—{1)  Pressure  of  water  in  pounds  per  square  inch.  (2)  Any  subter- 
ranean passage  driven  in  solid  coal.  (3)  That  part  of  a  face  nearest 
the  roof: 

Head,  or  Sluice  Head  (Australia  and  New  Zealand).— A  supply  of  1  cu.  ft.  of 
water  per  second,  regardless  of  the  head,  pressure,  or  size  of  orifice. 

Head-Block.—{l)  A  stop  at  the  head  of  a  slope  or  shaft  to  stop  cars  from 
going  down  the  shaft  or  slope.    (2)  A  cap  piece. 

Headboard.— A  wedge  of  wood  iilaced  against  the  hanging  wall,  and  against 
which  one  end  of  the  stull  piece  is  jammed. 

Header.— (1)  A  rock  that  heads  offor  delays  progress.  (2)  A  blast  hole  at  or 
above  the  head.  (3)  A  stone  or  brick  laid  lengthwise  at  right  angles  to 
the  face  of  the  masonry.  (4)  The  Stanley  Header  is  an  entry  boring 
machine  that  bores  the  entire  section  of  the  entry  in  one  operation. 

Head-Gear.— The  pulley  frame  erected  over  a  shaft. 

Head-House.— When  the  head-frame  is  housed  in,  the  structure  is  known  by 
this  name. 

Heading.— {1)  A  continuous  passage  for  air  or  for  use  as  a  manway;  a  gang- 
way or  entry.  (2)  A  connecting  passage  between  two  rooms,  breasts,  or 
other  working  places. 

Head-Piece. — A  cap;  a  collar. 

Headrace.— An  aqueduct  for  bringing  a  supply  of  water  on  to  the  ground. 

Headttocks. — Gallows  fixime;  head-frame. 

Headways.— {!)  A  road;  usually  9  ft.  wide,  in  a  direction  parallel  to  the 
main-cleavage  planes  of  the  coal  seams,  which  direction  is  called 
"headways  course,"  and  is  generally  about  north  and  south  in  the 
Newcastle  coal  field.  It  is  termed  ''on  end";4n  other  districts.  (2) 
Cross-headings. 

Heave.— The  shirang  of  rocks,  seams,  or  lodes  on  the  foce  of  a  cross-course, 
etc 
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Heuifing.'^The  Thing  of  the  thill  (or  floor)  of  a  aeam  where  the  ooaI  has  been 

remoyed. 
Hechado  (Spanish).— Dip. 

Heel  qf  Coat.— A  small  body  of  coal  left  under  a  larger  body  as  a  support. 
Hed  qf  a  Shot.—Jn  blasting,  the  front  of  a  shot,  or  the  face  of  the  shot  farthest 

fh)m  the  charge. 
Heep  Stead  (English).— The  entire  surfEice  plant  of  a  colliery. 
Hdper.—A  miner's  assistant,  who  works  under  the  direction  of  the  miKta. 
Helve.— A  handle. 

Hetoer.—A  collier  that  cuts  coal;  a  dicger. 
High  £e^.— The  bed  rock  or  reef  is  frequently  found  to  rise  more  abruptly 

on  one  side  of  a  gutter  than  on  the  other,  and  this  abrupt  reef  is  termed 

a  high  reef. 
HijueUu  (Mexican).— Literally,  little  children.    A  small-sized  torta  made  up 

as  a  sort  of  assay  on  a  large  scale,  with  fh>m  1  to  6  kilograms  of  argentif- 
erous mud. 
Hiil  Diggings.— PliAcera  on  hills. 
Hilo  (Spanish).- A  thin  metalliferous  vein. 
Hitch.— {1)  A  fault  or  dislocation  of  less  throw  than  the  thickness  of  the 

seam  in  which  it  occurs.    (2)  Step  cut  in  the  rock  or  lode  for  holding 

stav-beams,  beams,  or  timber,  etc.  for  various  purposes. 
Hoardtng.-A  temporary  close  fence  of  boards  placed  around  a  work  in 

profi:ress. 
nogoa€X.—A  roll  occurring  in  the  floor  and  not  in  the  roof,  the  coal  being 

cut  out  or  nearly  so,  for  a  distance. 
Hoi9ter.—A  machine  used  in  hoisting  the  fooduct.    It  may  be  operated  by 

steampower  or  horsepower. 
HoU.—{\)  To  undercut  a  seam  of  coal  by  hand  or  machine.    (2)  A  bore 

hole.    (3)  To  make  a  communication  fh)m  one  part  of  a  mine  to 

another. 
Holing.— {\)  The  portion  of  the  seam  or  underclay  removed  firom  beneath 

the  coal  before  it  is  broken  down.    (2)  A  short  passage  connecting  two 

roads.    (3)  ^q  Kirving. 
Holing   TArou^A.- Driving  a  passage  through  to  make  connection  with 

another  piurt  of  the  same  workings,  or  with  those  in  an  adjacent  mine. 
Hood. — See  Bonnet. 

Hopper.— A  coal  pocket;  a  fUnnel-shaped  feeding  trough. 
Horn.— A  piece  of  bullock's  horn  about  8  in.  in  length,  cut  boat-shaped,  for 

concentrating  by  water  on  a  small  scale. 
Horn  Coal.—CoB\  worked  partly  end-on  and  partly  £ftce-on. 
Horn  Silver. — Chloride  of  alver. 
Horse  Oin.—A  eearing  for  winding  by  horsepower. 
Horsepoioer.— The  power  that  will  raise  33,000  lb.  1  ft.  high  per  minute. 
Horse,  or  Horsd)ack8.—{l)  Natural  channels  cut  or  washed  away  by  water  in 

a  coal  seam,  and  filled  up  with  shale  and  sandstone.    Sometimes  a  bank 

or  ridge  of  foreign  matter  in  a  coal  seam.    (2)  A  mass  of  country  rock 

lying  within  a  vein  or  bed.    (3)  Any  irregulanty  cutting  out  a  portion 

of  the  vein.    See  Dirt  FauU  and  Rock  Fault. 
Horse  WMm.—A  vertical  drum  worked  by  a  horse,  for  hauling  or  hoisting. 

Called  also  Horse  Oin. 
Hose.— A  strong  flexible  pipe  made  of  leather,  canvas,  rubber,  etc.,  and  used 

for  the  conveyance  of  water,  steam,  or  air  under  pressure  to  any  partic- 
ular point. 
H  Piece.-The  portion  of  a  column  pipe  containing  the  valves  of  the 

pump. 
Hueco  (Mexican).— See  Demasia. 
Hulk  (Cornish).- To  pick  out  the  soft  portions  of  a  lode. 
Hundido  (Mexican).— See  Derrumbe. 
Hungry.— Worthless  looking. 
Huray  Qurdy.—A  waterwheel  that  receives  motion  from  the  force  of 

traveling  water. 
-HiMWnflr.— Prospecting  by  laying  ground  bare  by  sudden  discharges  of 

pent-up  water. 
much  (Cornish).— (1)  An  ore-washing  box.    (2)  (English)  A  mine  car. 
Hydraulic  Cement. — A  mixture  of  lime,  magnesia,  alumina,  and  dlica  that 

solidifies  beneath  water. 
^ydroattcWn^.— Working  auriferous  gravel  beds  by  hydraulic  power. 
Hyarocar6on«.— Compounds  of  hydrogen  and  carbon. 
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InoMt  Roofct.— Those  that  have  been  in  a  more  or  less  Aised  state. 

inbye,—Ia  a  direction  inward  toward  the  &ce  of  the  workings,  or  away  fix)m 
the  entrance. 

Incline.— isiiOTt  for  inclined  plane.  Any  inclined  heading  or  slope  road  or 
track  having  a  general  inclination  or  grade  in  one  direction. 

Incorporo  (Mexican).— The  act  of  adding  and  mixing  the  mercury  and 
other  ineredients  in  and  to  the  metalliferous  mud  Tor  the  patio  process 
of  amalgamation,  /ncorporodero.— Place  where  the  incorporo  is 
effected. 

Indicator.— (1)  A  mechanical  contrivance  attached  to  winding,  hauling,  or 
other  macninerv,  which  shows  the  position  of  the  cages  in  the  shaft  or 
the  cars  on  an  incline  during  it8  journey  or  run.  (2)  An  apparatus  for 
showing  the  presence  of  firedamp  in  mines,  the  temperature  of 
goaves,  the  speed  of  a  ventilator,  pressure  of  steam,  air,  or  water,  etc. 

Indicator  Card,  or  Diagram.— A.  diagram  showing  the  variation  of  steam 

{>re8sure  in  the  cy under  of  an  engine  during  an  entire  stroke  or  revo- 
ntion. 

Indoor  Oatcfies.— Strong  beams  in  Cornish  pumping-engine  houses  to  catch 
the  beam  in  case  of  a  smash,  thus  preventing  damage  to  the  engine 
itself. 

Inrfork.—Wh.eia  a  pump  continues  working  after  water  has  receded  below 
the  holes  of  the  wind  bore. 

IngoL—A  lump  of  cast  metal. 

In  Ftacc—A  vein  or  deposit  in  its  original  position. 

Inaalmoro  (Mexican).— ^The  addition  of  salt  to  the  torta  or  mud  heap. 

lMet.—The  entrance  to  a  mine  at  the  bottom,  or  part  way  down  a  shaft 
where  the  cages  are  loaded. 

Inside  Slope,— A  slope  on  which  coal  is  raised  ftom  a  lower  to  a  higher 
gangway. 

Inspector.— A  government  official  whose  duties  are  to  enforce  the  laws  regu- 
lating the  working  of  mines. 

Instroke.— The  right  to  take  coal  fh>m  a  royalty  to  the  surface  bv  a  shaft  in 
an  adjoining  royalty.    A  rent  is  usually  charged  for  this  privilege. 

Intake.— {1)  The  passage  through  which  the  fresh  air  is  drawn  or  forced  in 
a  mine,  commencing  at  the  bottom  of  a  downcast  shaft,  or  the  mouth 
of  a  slope.    (2)  The  fresh  air  passing  into  a  colliery. 

Inversion.— Such  a  change  in  the  dip  of  a  vein  or  seam  as  makes  the  foot- 
wall  or  floor  the  upper  and  the  hanging  wall  or  roof  the  lower  of 
the  two. 

Irestone  (Cornish).— Any  hard  tough  stone. 

Iron  Ho^.- Decomposed  ferruginous  mineral  capping  a  lode. 

Iron  Man.— A  coal-cutting  machine. 

Jaboneillo  (Mexican).— Decomposed  talcose  rock  or  hardened  clay,  generally 

found  in  a  vein,  and  sometimes  indicating  the  proximity  of  a  rich  strike. 
Jacai  (Mexican).— See  Xacal. 
Jack.— A  lantern-shaped  case  made  of  tin,  in  which  safety  lamps  are  carried 

in  strong  currents  of  air. 
Jacket.— (1)  An  extra  surface  covering,  as  a  steam  jacket.    (2)  A  water- 
jacket  is  a  ftirnace  having  double  iron  walls,  between  which  water 

circulates. 
Jack-Lamp.- A  Davy  lamp,  with  the  addition  of  a  glass  cylinder  outside 

the  gauze. 
JacoHnga  (Brazilian).— Ferruginous  ores  associated  with  gold. 
Jales  (Spanish).— Tailings. 
Jales-Jalsontiea  (Mexican).— Rich  tailings  or  middlings  from  concentration 

or  amalgamation. 
Jars.— In  rope  drilling,  two  long  links  which  take  up  the  shock  of  impact 

when  the  falling  tools  strike  the  bottom  of  the  hole. 
Jenkin.—A  road  cut  in  a  pillar  of  coal  in  a  bordways  direction,  that  is,  at 

right  angles  to  the  midn-cleavage  planes. 
Jig.—{l)  A  self-acting  incline.    (2)  A  machine  for  separating  ores  or  minerals 

from  worthless  rock  bv  means  of  their  diflference  in  specific  gravity; 

also  called  Jigger  or  Washer. 
Jigger.— (1)  A  kind  of  coupling  hook  for  connecting  cars  on  an  incline. 

(2)  An  allowance  of  liquor  sometimes  issued  to  workmen  (almost 

obsolete).    (3)  SeeJt^. 
/i^^n^.— Separating  heavy  from  light  particles  by  agitation  in  water. 
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Jockey.— Il  8elf-€tctiiig  apparatus  earned  on  the  firont  track  of  a  set  f<»  re- 
leasing it  from  the  hauling  rope. 

Joggle.— A  joint  of  trasses  or  sets  of  timber  for  receiving  pressure  at  right 
angles,  or  nearly  so. 

Joints.— (l)  Divisional  planes  that  divide  the  rock  in  a  quarry  into  natural 
blocks.  There  are  usually  two  or  three  nearly  parallel  series,  called  by 
quarrjrmen  end  joints,  back  joints,  and  bottom  Joints,  according  to  their 
position.  (2)  In  coal  seams,  the  less  pronounced  cleats  or  vertical 
cleavages  in  the  coal.  The  shorter  cleats,  about  at  right  angles  to  the 
face  cleats  and  tiie  bedding  plane  of  the  coal. 

Jud.—{1)  A  portion  of  the  workingface  loosened  by  "  kirving"  underneath, 
ana  ^'  nicking  "  up  one  side.  The  operation  of  kirvinsr  and  nicking  is 
spoken  of  as  *'  making  a  jud."  (2)  The  term  jud  is  also  applied  to  a 
working  place,  usually  6  to  8  vd.  wide,  driven  in  a  pillar  of  coal.  When 
a  jud  has  been  driven  the  distance  required,  the  timber  and  rails  are 
removed,  and  this  is  termed  "  drawing  a  iud.'* 

Judge  (Derbyshire  and  North  of  England).— A  measuring  staflf. 

Jugglers,  or  Jugulars.— Timben  set  obliquely  against  the  rib  in  a  breast,  to 
form  a  triangular  passage  to  be  used  as  a  manway,  airway,  or  chute. 

Jump.— An  uptMOW  or  a  downthrow  fiiult. 

Jumper,— A  hand  drill  used  in  boring  holes  in  rock  for  blasting. 

Kann  (Cornish).— Fluorspar. 

Kazen  (Ctomisn).— A  sieve. 

Keckle-Meekle.— Poorest  lead  ore. 

Keeker.— An  official  that  superintends  the  screening  and  cleaning  of  the  coal. 

K&d  Wedge.— A  long  iron  wedge  for  driving  over  the  top  of  a  pick  hilt. 

Keeps,  or  JTepa.- Wings,  catches,  or  rests  to  hold  the  cage  at  rest  when  it 

reaches  any  landing. 
Keeve.—A  large  wooden  tub  used  for  the  final  concentration  of  tin  oxide, 
tenner.— Time  for  quitting  work. 

Kerf.— The  undercut  made  to  assist  tiie  breaking  of  the  coal. 
Kerned  (Cornish).— P>-rites  hardened  by  exposure. 
Kerve  (North  of  England).- In  coal  mining,  to  cut  under. 
KevU  (Derbyshire).— Calcspar  found  in  lead  veins. 
Key.—(1)  An  iron  bar  of  suitable  size  and  taper  for  filling  the  keyways  of 

shaft  and  pulley  so  as  to  keep  both  together.    (2)  A  Kind  of  spanner 

used  in  deep  boring  by  hand. 
Kibble.— See  Bowk.    Often  made  with  a  bow  or  handle,  and  carrying  ov^  a 

ton  of  debris. 
Kickup.— An  apparatus  for  emptying  tracks. 
A'ieue.— Tossing  tub. 
KiUas  (Cornish).— Clay  slate. 
Kiln.— A  chamber  built  of  stone  or  brick,  or  sunk  in  the  ground,  for  borning 

minerals  in. 
Kind.—il)  Tender,  soft,  easy.    (2)  Likely  looking  stone. 
Kind'ChaudroH.—A  system  of  sinking  shafts  through  water-bearing  strata. 
Kirving  (North  of  England).— The  cutting  made  beneath  the  coal  seam. 
Kist.— The  wooden  box  or  chest  in  which  the  deputy  keeps  his  tools.    The 

chest  is  always  placed  at  the  fiat  or  lamp  station,  and  this  spot  is  often 

referred  to  by  the  expression  "  at  the  kist." 
Kit.— Any  workman's  necessary  outfit,  as  tools,  etc. 
Kitty.— A  squib  made  of  a  straw  tube  filled  with  powder. 
Knee  Piece.— A  bent  piece  of  piping. 
Knocker.— A  lever  that  strikes  on  a  plate  of  iron  at  the  mouth  of  a  shaft,  by 

means  of  which  miners  below  can  signal  to  those  on  the  top. 
Knocker  Line.— The  signal  line  extending  down  the  shaft  from  the  knocker. 
Koepe  System.— A  system  of  hoisting  without  using  drums,  the  rope  beiug 

endless  and  passing  over  pulleys  instead  of  around  a  drum. 

Labor  (Mexican).— Mine  workings  in  general.  Specifically,  a  stope  or  any 
other  place  where  ore  is  being  taken  out. 

Ladderway,  Ladder  Eoad.— The  i)articulax  shaft,  or  compartment  of  a  shaft, 
used  for  ladders. 

Lagging.— (1)  Small  round  timbers,  slabs,  or  plank,  driven  in  behind  the 
legs  and  over  the  collar,  to  prevent  pieces  of  the  sides  or  roof  flrom  fBillinf 
through.  (2)  Loner  pieces  of  timber  closely  fitted  together  and  fiutened 
to  the  dram  nngs  to  form  a  surfietce  foi  Che  lope  to  wind  on. 
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XoHMM  (Spanish)  .^1)  Slimes.    (2)  Argentiferoas  mud  treated  by  amalgar 

maaon. 
Lamero  (Mexican).— Place  of  deposit  for  lamas. 

Xamina;.— She^s  not  naturally  separated,  but  which  mav  be  forced  apart. 
Lampcuso  (M^can).— A  sort  of  broom  formed  of  green  branches  on  tne  end 

of  a  long  stick,  to  dampen  the  flame  in  a  reverberatory  fUmace. 
Lamp  Jfe}i.---€leanen3,  repiarers,  and  those  haying  charge  of  the  safety  lamps 

at  a  colliery. 
Lamp  £to^u>iM.— Certain  fixed  stations  in  a  mine  at  which  safety  lamps 

are  allowed  to  be  opened  and  relighted  by  men  appointed  for  that 

purpose,  or  beyond  which,  on  no  pretense,  is  a  naked  light  allowed 

to  be  taken. 
Lander.— The  man  that  receives  a  load  of  ore  at  the  month  of  a  shaft. 
Lander's  Crook.— A  hook  or  tongs  for  upsetting  the  bucket  of  hoisted  rock. 
Landing.— (1)  A  level  stage  for  loading  or  unloading  a  cage  or  skip. 

(2)  The  top  or  bottom  of  a  slope,  shaft,  or  inclined  plane. 
Land  Sale.— The  sale  of  coal  loaded  into  carts  or  wagons  lor  local  consump- 
tion. 
Land'SaU  OolUerlei.— Those  selling  the  entire  product  for  local  consumption, 

and  shipping  none  by  rail  or  water. 
Ikip.— One  coil  of  rope  on  a  drum  or  pulley, 
liappior  (Cornish).— An  ore  dresser. 
Large.— The  lan^  lumps  of  coal  sent  to  the  sur&ce,  or  all  coal  that  is  hand 

picked  or  does  not  pass  over  screens;  also,  the  large  coal  that  passes 

over  screens. 
Larry.— (1)  A  car  to  which  an  endless  rope  is  attached,  fixed  at  the  Inside 

end  of  the  road,  forming  part  of  the  appliance  for  taking  up  slack  rope. 

See  Balance  Car.    (2)  See  Bamev.    (3)  A  car  with  a  hopper  bottom  and 

adjustable  chutes  lor  feeding  coxe  ovens.    (4)  A  hopper-shaped  car  for 

charging  coke  ovens. 
Latche8.--(i)  A  synonym  of  switch.    Applied  to  the  split  rail  and  hinged 

switches.    (2)  Hinged  switch  points,  or  short  pieces  of  rail  that  form 

rail  crossings. 
Lateral.— From  the  side. 

Lath.— A  plank  laid  over  a  firamed  center  or  used  in  poling. 
Launder.- Water  trough. 
Laundry  Box.— The  box  at  the  surface  receiving  the  water  pumped  up  ^m 

below. 
Lava.— A  common  term  for  all  rock  matter  that  has  flowed  from  a  volcano  or 

fissure. 
Lavadero  (Mexican).— A  washer.    A  tank  with  a  stirring  arrangement  to 

loosen  up  the  argentiferous  mud  from  the  patio,  and  dilute  the  same 

with  water,  so  that  the  silver  amalgam  may  have  a  chance  to  precipitate. 

An  agitator. 
Lazadores  (Mexican).— Men  formerly  employed  in  recruiting  Indians  for 

work  in  the  mines  by  the  gentle  persuasion  of  a  lasso. 
Lazy  Back  (Staffordshire).— A  coal  stack,  or  pile  of  coal. 
Lea/ifdng.—To  dissolve  out  by  some  liquid. 
Lead  (pronounced  leed).—(l)  Ledge  (America);  reef  (Australia);  lode  or 

vein  (England).    A  more  or  less  vertical  deposit  of  ore  formed  after  the 

rock  in  which  it  occurs.    (2)  A  bed  of  alluvial  pay  dirt  or  an  auriferous 

ffutter.    (8)  The  distance  to  which  earth  is  hauled  or  wheeled. 
Leader.— A  seam  of  coal  too  small  to  be  worked  profitably,  but  often  being  a 

guide  to  larger  seams  lying  in  known  proximity  to  it. 
Leaf.— A  small  water  ditch. 
Leavings  (Cornish).— Halvans. 
Ledge.— &ee  Lead. 

Leg.— A  wooden  prop  supporting  one  end  of  a  collar. 
Leg  fHece.—An  upright  log  placed  against  the  side  of  a  drive  to  support  the 

cap  piece. 
Lefkidor  (Mexican).— One  that  cuts,  carries,  or  Aimishes  wood  for  com- 

bustiule. 
Levd.—A  road  or  gangway  running  parallel  or  nearly  so  with  the  strike 

of  the  seam. 
Ley  (Mexican). — Law.    As  applied  in  mininff  matters,  it  means  the  propor- 
tion of  precious  or  other  metals  containea  in  any  mineral  substance  or 

metallic  alloy. 
lAd,—A  cap  piece  used  in  timbering. 
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£(/!.— (1)  The  vertical  height  traveled  by  a  cage  in  a  shaft.  (2)  The  Ufi  of  a 
pump  is  Uieoretical  height  fipom  the  level  of  the  water  in  the  sump  to  the 
point  of  discharge.  (3)  The  distance  between  the  first  level  and  the 
surfietce,  or  between  two  levels.    (4)  The  levels  of  a  shaft  or  slope. 

Lifting  Ouard«.~Fencing  placed  around  the  mouth  of  a  shaft,  which  is 
lilted  out  of  the  way  by  the  ascending  cage. 

Lignite.— A  coal  of  a  woody  character  containing  about  66^  carbon  and 
having  a  brown  streak. 

Limadura  ( Mexican ).'Filing8.  The  mercurial  globules  seen  when  a  i^ece 
of  argentiferous  mud  firom  a  patio  is  washed  in  a  spoon  or  saucer  for 
an  assay. 

Lime  Oartrtdge.^A  charge  or  measured  quantity  of  compressed  dry  caustic 
lime  made  up  into  a  cartridge  and  used  instead  of  gunpowder  for 
br^iking  down  coal.  Water  is  applied  to  the  cartridge,  and  the  expan- 
sion br€»ftks  down  the  coal  without  producing  a  flame. 

Lime  Coal.— Small  coal  suitable  for  lime  burning. 

Lines. — ^Plumb-lines,  not  less  than  two  in  number,  hung  from  hooks  driven 
in  wooden  plugs.  A  line  drawn  through  the  centers  of  the  two  strings 
or  wires,  as  the  case  may  be,  represents  the  bearing  or  course  to  be 
driven  on. 

Xtm'n^.— The  planks  arranged  against  f^me-sets. 

Linnets  (Derbyshire).— Oxidized  lead  ores. 

LintemiUa  (Mexican).— The  drum  of  a  Horse  WfUm. 

Lip  Screen.— A  small  screen  or  screen  bars,  placed  at  the  draw  hole  of  a  coal 
pocket  to  take  out  the  fine  coal. 

Lis  (Mexican).— The  flouring  of  mercury. 

Little  Oiant.— The  name  given  to  a  special  sort  of  hydraulic  nozzle  used  for 
sluicing  purposes. 

Live  Quartz.— A  varietv  of  quartz  usually  associated  with  mineral. 

Liximating. — See  Leaching. 

Llaves  (Mexican).— Horizontal  cross-beams  in  a  shaft,  or  the  upright  pieces 
that  sustain  the  roof  beams  in  a  drift  or  tunnel. 

Loaded  Trac*.— Track  used  for  loaded  cars. 

Loader.— One  that  fills  the  mine  cars  at  the  working  places. 

Loam.— Any  natural  mixture  of  sand  and  clay  that  is  neither  distinctly  sandy 
nor  clayey. 

Location.— The  first  approximate  staking  out  or  surve:^  of  a  mining  claim,  in 
distinction  from  a  Patent  Survey ^  or  a  Patented  Claim. 

Location  Survey.— See  Location. 

Lode  (C!omish).— Strictly  a  fissure  in  the  country  rock  filled  with  mineral; 
usually  applied  to  metalliferous  lodes.  In  e^eral  miners'  usage,  a  lode, 
vein,  or  ledge  is  a  tabular  deposit  of  valuable  minerals  between  definite 
boundaries.  Whether  it  be  a  fissure  formation  or  not  is  not  always 
known,  and  does  not  affect  the  legal  title  under  the  United  States  fedenJ 
and  local  statutes  and  customs  relative  to  lodes.  But  it  must  not  be  a 
placer,  i.  e.^  it  must  consist  of  quartz  or  other  rock  in  place,  and  bearing 
valuable  mineral. 

Lodestone,  or  Lode.—{l)  Magnetic  iron  ore.  (2)  Stone  found  in  veins  or  lodes. 

Lo^«.— Portions  of  trunks  of  trees  cut  to  lengths  and  built  up  so  as  to  raise 
the  mouth  or  collar  of  a  shaft  fh)m  the  surfiaoe,  in  order  to  give  the 
requisite  space  for  the  dumping  of  mullock  and  ore. 

Long-PiUar  Work.— A  system  oi  working  coal  seams  in  three  separate  oper- 
tions:  (1)  larRc  pillars  are  left;  (2)  a  number  of  parallel  headings  are 
driven  tnrougn  the  block;  and  (3)  the  ribs  or  narrow  pillars  are  worked 
away  in  both  directions. 

Long  Tom.— A  wooden  sluice  about  24  ft.  long,  2  ft  wide,  and  1  ft.  high,  for 
washing  auriferous  gravel. 

Long  Tbn.- 2,240  lb. 

LoTMwaU.—A  system  of  working  a  seam  of  coal  in  which  the  whole  seam  is 
taken  out  and  no  pillars  left,  excepting  the  shaft  pillars,  and  someomes 
the  main-road  pillars. 

Loob  (Ctomish).— Sludge  from  tin  dressing. 

Loose  End.—{1)  A  portion  of  a  seam  worked  on  two  sides.  (2)  A  portion 
that  projects  in  the  shape  of  a  wedge  between  previous  workings. 

Low  Orade.—liot  rich  in  mineral. 

Lumftcr.— Timber  cut  to  the  various  sizes  and  shapes  for  carpenters'  purposes. 

Lumbreras  (Mexican).— Ventilating  shafts  in  a  mine  or  ower  imdergTOon4 
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Lump  CbOL  (1)  AH  eoal  (atrthnclle  nnly)  larger  thao  broken  coal,  or,  when 
rtcunboat  ooal  1>  made,  lumu  tatger  tbon  this  size.  (2)  In  ton  ooal.  all 
coai  puBlns  orer  the  nutMx«l  screen. 

Lute.— An  adberfTB  cl^  und  elthu  lo  piotect  any  Iron  Teasel  Oom  hio 
Bttoag  a  heat  or  tor  aecurlna  ait- and  ga^-tlglil  joinu. 

Lye  [Eii^g|i).-A  Biding  ot  tumout. 

■tohiita  (Meitcui).— A  Make  or  permanent  bench  mark  Hied  In  an  ander- 
ground  working,  from  which  the  length  and  progreu  thereof  is 
measured. 

Uacito  (apanlah).— Unwotked  lode. 

Uagidral  iSpanlih).— BoaMed  copper  pyrlCes.  copper  sulphate,  etc.  used  to 
reduce  diver  ores. 

ifafftUtic  Needle.— SeedlK  used  In  mrveylns. 

Magnetic  North.— The  direction  indicated  Dy  the  north  end  o(  the  magnetic 

Magiiettc  Meridian.— The  line  or  great  circle  in  which  the  magnetic  needle 


-Thapriuc. 

crossroads  lead  to  the  working  fit 
'    n  SoiHEag\ishy—Sw  Pvmp  Sod 


n  Solid.— Ttae^riucl  pal  haulage  road  of  a  mine  from  which  Ihe  aeveral 

^ ^ iHnp  Bod. 

Main  Eopt,—ii^  tail^rope  haulage,  the  rope  that  draws  the  loaded   can 

;land).— Small  ( 

, _,-    KHoneWhim:  i— „ ,- 

used  in  mioes. 
Jfam)wil«ria(  Mexican). —Mason  work. 
JfanojKr.— An  official  who  has  the  control  and  superrision 

under  and  above  ground, 
Man  EnjiBt— An  apparatus  comdatlog  of  one  or  two  recif — 
which  loitable  stages  are  attached,  used  for  lowering  ai 

ed  in  tbeude  of  a  gangway,  Cannel, 
■xl  boilen  through  which  a  man  can 
I  repair  it. 


ig  ore  or  naale  team  a  mine. 
traTellug  way  Ibr  the  miner,  and  also 

jraqsaar^Mezlcan).— To  work  ore  for  its  owner  on  iharea  or  fi}ramoner 


MaiUnttpae.—ti.  sharp  pointed  and  graduall)'  tapered  ronnd  Iron,  nied  in 

apllcing  ropes, 
Jfannqjos  (Bpanlsh).— Concentrated  sulphides. 
Jfarrou.— A  partner. 
" 'i  Lamp  —A  type  of  safety  lamp  whose  chief  chaiacterialic  Is  the 


irsotit  inmp  —A  type  of 
mu!tlple-ra.iiie  chimney 
T«/i  GM.—CHh  often  used 

Acha^ieofgun] 

igniting  eiplOHl', .....    ,_, ,.  -_ .. , 

rmpound  of  in>n  and  other  metals,  chiefly  copper,  with  sulphnr. 


Match.— {\)  Acha^ie  of  gunpowder  put  Into  a,  paperBeterallnehea  long,  and 


jd  Bynonjmouely  with  Firedamp  (BCc  page: 

.-, „-„J  of  gunpowder  put  Into  a.  paperseteral  inehealoi 

used  for  igniting  fiploalvf        -'  —     ■ 

jtaHe.-^A.  compound 

Ibrmed  during  ameltlne. 
XaUoct.—A  kind  of  pick  with  broad  ends  for  digging. 
Mavl.—A  drlTer'9  hammer. 

JKdunrfra.- A  pick  with  two  shanks  and  poinCa,  used  for  getting  coal,  etc. 
Jfozo  { Mexican)  .—A  stamp. 
Hear  (DerbysblTe).— 32  yd.  along  the  vein. 
Jfeomres.— Strata. 

Meeha  (Mexican).- A  wick  for  a  lamp  or  candle:  a  torch. 
Meretd  (Meiiean).— A  gift,  giant,  or  conceaalon. 
Mtridiaa.-A  north  and  south  Uue,  either  true  or  approximate. 
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Jfetol— (1)  In  coal  mining,  indurated  clay  or  date.  (2)  An  element  that 
tbrms  a  base  by  combining  with  oxygen  that  is  solid  at  ordinary  tem- 
perature (with  exception  of  quicksUver),  opaque  (except  in  the  thinnest 
possible  nlms),  has  a  metallic  luster,  and  is  a  good  conductor  of  heat 
and  electricity,  and,  as  a  rule,  of  a  higher  specific  gravity  than  the  non- 
metals.  (3)  (Mexican)  All  kinds  of  metalliferous  minerals  are  called 
••  metal "  in  Mexico.  Metal  de  -4ytttf a.— Fluxing  ore  of  any  kind.  Meial 
de  Cis6o.— Very  rich  ore,  usually  treated  in  small  reverberatory  flimaces. 
Metal  Ordinario.— Common  ore.  Metal  Pepena,— The  best  class  of  selected 
ore. 

MetlapU  (Mexican).— See  Mano. 

MilL—WoTkB  for  crushing  and  amalgamating  gold  and  silver  ores. 

Mill  Cinder.— The  sla^  from  the  puddling  furnace  of  a  rolling  mill. 

Mill  Hole.— An  auxihary  shaft  connecting  a  stope  or  other  excavation  with 
the  level  below. 

MiU  Ran.— The  test  of  a  given  quantity  of  ore  by  actual  treatment  in  a  mill. 

ifi7»«.-- Any  excAvation  made  for  the  extraction  of  minerals. 

Miner.— One  who  mines. 

ifinera/.— Any  constituent  of  the  earth's  crust  that  has  a  definite  com- 
position. 

Mineral  Ot2.— Petroleum  obtained  from  the  earth,  and  its  distillates. 

Minero  (Mexican).— A  mine  owner;  a  mining  captain;  an  underground  boss. 

Mine  Road.— Any  mine  track  used  for  general  haulage. 

Mine  Run.— The  entire  unscreened  output  of  a  mine. 

Minero  Mayor  (Mexican).— -The  head  mining  captain.  A  mining  workman 
is  call^  Operario. 

Miners'  Dial.— An  instrument  used  in  surveying  underground  workings. 

Miners  Inch.— A  measure  of  water  varying  in  difi'erent  districts,  being  the 
quantity  of  water  that  passes  through  a  slit  1  in.  high,  of  a  certain  width 
und^  a  given  head  (see  pag[e  136). 

Miner's  Right.— An  annual  permit  firom  the  Government  to  occupy  and  woik 
mineral  land. 

Mining.— In  its  broad  sense,  it  embraces  all  that  is  concerned  with  the 
extraction  of  minerals  and  their  complete  utilization. 

Mining  Engineer.— A  man  having  knowledge  and  experience  in  the  many 
departments  of  mining. 

Mining  Retreating.— A  process  of  mining  by  which  the  vein  is  untouched 
until  after  all  the  gangways,  etc.  are  driven,  when  the  mineral  extraction 
begins  at  the  boundary  and  progresses  toward  the  shaft. 

Mistress  (North  of  England).— A  miner's  lamp. 

Mock  Lead  (Cornish).— Zinc  blende. 

MogroUo  (Mexican).— Same  as  Metal  de  Oebo. 

Mml.—A  short  length  of  steel  rod  tapered  to  a  point,  used  for  cutting 
hitches  etc 

Molonque  (Mexican).— A  rich  specimen  of  which  one-half  or  more  is  native 
silver. 

3fonitor.—8ee  Ounboat. 

Monkey.— The  hammer  or  ram  of  a  pile  driver. 

Monkey  Drifl.—A  small  drift  driven  in  for  prospecting  purposes,  or  a  crooscut 
driven  to  an  airway  above  the  gangway. 

Monkey  Oangway.—A  small  gangway  parallel  with  the  main  gangway. 

Monkey  Rolls.— The  smaller  rolls  in  an  anthracite  breaker. 

Monkey  Shqft.—A  shaft  rising  from  a  lower  to  a  higher  level. 

3/o7tomnaZ.— Applied  to  an  area  in  which  the  rocks  all  dip  in  the  same 
direction. 

i/bp.— Some  material  surrounding  a  drill  in  the  form  of  a  disk,  to  prevent 
water  from  splashing  up. 

J/ortor.— The  vessel  in  which  ore  is  placed  to  be  pulverized  by  a  pestle. 

Mortise.— A  hole  cut  in  one  piece  of  timber,  etc.  to  receive  the  tenon  that 
projects  from  another  piece. 

Mote  {Moat).— A  straw  filled  with  gunpowder,  for  Igniting  a  shot. 

Mother  Gate.— The  main  road  of  a  district  in  longwall  working. 

Mother  Lode  {Main  Lode).— The  principal  vein  of  any  district. 

Motive  column.— The  length  of  a  column  of  air  whose  weight  is  equal  to  the 
difierence  in  weight  of  like  columns  of  air  in  doMmcast  and  np^iat  shafts. 
The  ventilating  pressure  in  furnace  ventilation  is  measured  by  the  difRer> 
ence  of  the  weights  of  the  air  columns  in  the  two  shafts. 

Mouth,— Th^  top  of  a  shaft  or  slope,  or  the  entrance  to  a  drift  ortcumeL 
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Jfoyfe.— An  iron  with  a  sharp  steel  point,  for  driving  into  clefts  when 

levering  off  rock. 
MucUe.— Soft  clay  overlying  or  underlying  coal. 
Macks  (Staflfordshire).— Bad  earthy  coal. 
Uuescfu  (Mexican).— Notches  in  a  stick;  mortises;  notches  cut  in  a  round 

or  square  heam,  for  the  purpose  of  using  it  as  a  ladder. 
Muesder  Lamp.— A  type  of  satety  lamp  invented  and  used  in  the  collieries 

of  Belgium.    Its  chief  characteristic  is  the  inner  sheet-iron  chimney  for 

increasing  the  draft  of  the  lamp. 
MuMe.—A  thin  clay  oven  heated  fi*om  the  outside. 
Mtuler.—The  upper   grinding  iron    or   rubbing   shoe   of  amalgamating 

pans,  etc. 
iftwoc^.— Country  rock  and  worthless  minerals  taken  from  a  mine. 
ifundic—Iron  pyrites. 

Naked  Light.— A  candle  or  any  form  of  lamp  that  is  not  a  safety  lamp. 
Narrow  Work.—{l)  All  work  for  which  a  price  per  yard  of  length  driven  is 

paid,  and  which,  therefore,  must  be  measured.    (2)  Headings,  chutes, 

crosscuts,  gangways,  etc. 
Natcu  (Mexican).— Same  as  Escoria  or  Orasa, 
Native  Metal.— A  metal  found  naturally  in  that  state. 
Natural  Fen^i2a<ton.— Ventilation  of  a  mine  without  either  Aimace  or  other 

artificial  means;  the  heat  imparted  to  the  air  by  the  strata,  men, 

animals,  and  lij^ts  in  the  mine,  causing  it  to  flow  in  one  direction,  or 

to  ascend. 
Neck.— A  cylindrical  body  of  rock  differing  from  the  country  around  it 
Needle.— {1}  A  sharp-pointed  metal  rod  with  which  a  small  hole  is  made 

through  the  stemming  to  the  cartridge  in  blasting  operations.    (2)  A 

hitch  cut  in  the  side  rock  to  receive  the  end  of  a  timber. 
Negrillo  (Mexican).— Black  sulphide  of  silver. 
McJb.— To  cut  or  shear  coal  after  holing. 
Nicking.— {1)  A  vertical  cutting  or  shearing  up  one  side  of  a  face  of  coal.   (2) 

The  chippine  of  the  coal  along  the  rib  of  an  entry  or  room  which  is 

usually  the  first  indications  of  a  squeeze. 
Night  Shut.— The  set  of  men  that  work  during  the  night. 
Atp.— When  the  roof  and  floor  of  a  coal  seam  come  close  together,  pinching 

the  coal  between  them. 
Nip  Out.— The  disappearance  of  a  coal  seam  by  the  thickening  of  the  adjoin- 
ing stiata,  which  takes  its  place. 
Nitro.—A  corrupted  abbreviation  for  nitroglycerine  or  dynamite. 
NiUing8.—Retaa&  of  good  ore. 
JVbdtitor.— Blistered  or  kidney-shaped  ore. 

JVbdtifes.— Concretions  that  are  frequently  found  to  enclose  organic  Temains. 
Nogs.— Logs  of  wood  piled  one  on  another  to  support  the  roof.  See  Chock. 
Nook.— The  comer  of  a  working  place  made  by  the  face  with  one  side. 
Noria  (Spanish).— An  endless  chain  of  buckets. 
No2zle.—The  front  nose  piece  of  bellows  of  a  blast  pipe  for  a  furnace,  or  of  a 

water  pipe. 
Nugget.— A  natural  lump  of  gold  or  other  metal,  applied  to  any  size  above  2 

toSdwt. 
Nut  Coal.— A  contraction  of  the  term  chestnut  coal. 
Nuts.—8m&\l  lumps  of  coal  that  will  pass  through  a  screen  or  bars,  the  spaces 

between  which  vary  in  width  fh>m  i  to  2i  in. 

Ooote  (Mexican).— Pitch  pine. 

Odd  Work.— Yfork  other  than  that  done  by  contract,  such  as  repairing 
roads,  constructing  stoppings,  dams,  etc. 

Qffldke.—The  raised  portion  of  an  upcast  shaft  above  the  surface,  for  carrying 
off  smoke  and  steam,  etc.,  produced  by  the  furnaces  and  engines  under- 
ground. 

OU  Shale.— Shale  containing  such  a  proportion  of  hydrocarbons  as  to  be 
capable  of  yielding  mineral  oil  on  slow  distillation. 

OU  Smetters.-Men.  that  profess  to  be  able  to  indicate  where  petroleum  oil  is 
to  be  found. 

Old  ifan.— Old  workings  in  a  mine. 

OoHtic.-A  structure  peculiar  to  certain  rocks,  resembling  the  roe  of 
a  hah. 

Open  Ooaf.— Workings  having  no  root 
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Open  CuiHng,^!)  An  excavation  made  on  the  sorfiioe  for  the  porpoae  of  get^ 

ting  a  face  wherein  a  tunnel  can  be  driven.   (2)  Any  sorfkce  excavation 
OpeningSf  An  Opening,— Any  excavation  on  a  coal  or  ore  bed,  or  to  reach  the 

same;  a  mine. 
Openwork, — An  open  cut. 
C^ario  (Mexican).— A  working  miner. 

Operator.— The  individual  or  company  actually  working  a  colliery. 
Ore.— A  mineral  of  sufficient  value  (as  to  quality  and  quantity),  to  be  mined 

with  proflt. 
OrM.— Minerals  or  mineral  masses  lh>m  which  metals  or  metallic  combina- 
tions can  be  extracted  on  a  large  scale  in  an  economic  manner. 
Ore  Shoot— A  large  and  usually  rich  aggregation  of  mineral  in  a  vein. 

Distinguished  ftom  pay  str^ik  in  that  it  is  a  more  or  less  vertical  zone 

or  chimney  of  rich  vein  matter  extending  fh>m  wall  to  wall,  and  having 

a  definite  width  laterally. 
Oro  (Spanish).— Gold. 
Oroche  (Spanish).— (1)  Retorted  bullion.    (2)  (Mexican)  Bullion  containing 

gold  and  diver. 
OttOmrsf.- A  blower.    A  sudden  emission  of  large  quantitieB  of  occluded  gas. 
Oua)ye.— In  the  direction  of  the  shaft  or  slope  bottom,  or  toward  the  oatade. 
Outcrop.— The  portion  of  a  vein  or  bed,  or  any  stratum  AppeaiiDg  at  the  sur- 

£em^  or  occurring  immediately  below  the  soil  or  diluvial  drift. 
Outcropjdng,—8ee  Cropping  Out. 
Outlet.— A  passage  fhrmshing  an  outlet  for  air,  for  the  miners,  for  wat^,  or 

for  the  mineral  mined. 
Output,— The  product  of  a  mine  sent  to  market,  or  the  total  product  of  a  mine. 
Ovjuet.— The  walling  of  shafts  built  up  above  the  original  level  of  the  ground. 
Outstroke  Rent,— The  rent  that  the  owner  of  a  royalty  receives  on  coal  brought 

into  his  royalty  fh)m  adiacent  properties. 
OuttaJl:^.— The  passage  by  which  the  ventilating  current  is  taken  out  of  the 

mine;  the  upcast. 
Overburden.— The  covering  of  rock,  earth,  etc.  overlying  a  mineral  deposit 

that  must  be  removed  before  effective  work  can  be  i)erformed. 
Overcast.— A  passage  through  which  the  ventilating  current  is  conveyed  over 

a  gangway  or  airway. 
Overhand  Sloping.— The  ordinary  method  of  stoping  upwards. 
Overlap  FauU.—A  fault  in  which  the  shifted  strata  double  back  over  them- 

selves. 
Overman.— One  who  has  charge  of  the  workings  while  the  men  are  in  the 

mine.    He  takes  his  orders  from  the  Underviewer, 
Overwind.— To  hoist  the  cage  into  or  over  the  top  of  the  head-frame. 
Oyamel  (Mexican).— White  pine. 

Paok.— A  rough  wall  or  block  of  coal  or  stone  built  up  to  support  the  roof. 

Facking.—The  material  placed  in  stuffingboxes,  etc.  to  prevent  leaks. 

Pack  wall.— A  wall  of  stone  or  rubbish  built  on  either  ade  of  a  mine  road,  to 

carry  the  roof  and  keep  the  sides  up. 
Pacos  (Spanish).— Ferruginous  silver  ores. 
Paddock.— (I)  An  excavation  made  for  procuring  wash  dirt  in  shallow 

ground.    (2)  A  place  built  near  the  mouth  of  a  shaft  where  ore  is  stored. 
Paint  Oold.— The  very  finest  films  of  gold  coating  other  minerals. 
Paleoxoic.— The  oldest  series  of  rocks  in  which  fossils  of  animals  occur. 
Palero  (Mexican).— A  mine  carpenter. 
Palm.— A  piece  of  stout  leather  fitting  the  palm  of  the  hand,  and  secured  by 

a  loop  to  the  thumb;  this  has  a  flat  indented  plate  for  forcing  the  needle. 
Palm  Needle.— A  straight  triangular-sectioned  needle,  used  for  sewing  canvas. 
Palo  (Mexican).— A  stick;  a  piece  of  timber. 
Plan.— A  thin  uieet-iron  dish  16  in.  across  the  top,  and  10  in.  at  the  bottom, 

used  for  panning  gold. 
Pand.—(1)  A  large  rectangular  block  or  pillar  of  coal  measuring,  say, 

130  by  100  yd.    (2)  A  group  of  breasts  or  rooms  separated  from  the  other 

workings  by  large  pillars. 
Panel  Working.— A  system  of  working  coal  seams  in  which  the  colliery  is 

divided  up  into  large  sauares  or  panels,  isolated  or  surrounded  by  sMid 

ribs  of  coal,  in  each  of  which  a  separate  set  of  breasts  and  j^fiais  is 

worked,  and  the  ventilation  is  kept  distinct,  that  is,  every  panel  has  its 

own  circulation,  the  air  of  one  not  passing  into  the  adjoining  one,  but 

being  carried  direct  to  the  main  retuni  airway. 
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Panino  (Mezican).~The  p^aUar  appearance,  fonn,  or  manner  in  which 
the  metalliferous  minerals  present  themselves  in  any  given  district 
or  mine. 

Panningt  or  Panning  O/.— Separating  gold  or  tin  fh>m  its  accompanying 
minerals  by  washing  off  the  latter  in  a  pan. 

Parcionero  (Mexican).— A  partner  in  a  mimng  contract. 

Parrot  Coal.— A  kind  of  coal  that  splits  or  czbxika  with  a  chattering  noise 
when  on  the  fire. 

Partido  ( Mexican)  .—The  division  of  ores  between  partners.  Working  a  mine 
by  pJEuUdo  is  when  the  miners  agree  with  the  owners  to  take  a  certain 
part  of  the  ores  in  place  of  wages.  Usually,  the  mine  owner  provides 
candles,  powder,  and  steel,  and  keeps  the  drilis  sharpened,  and  receives, 
in  payment  of  royalty  and  supplies,  two-thirds  or  more  of  the  ore  taken 
out.  This  contract  is  renewed  weekly  or  monthly,  etc.,  and  the  propor- 
tion of  ore  retained  by  the  miners  is  more  or  less,  according  to  the  richness 
of  the  stopes  where  they  work.  This  is  a  cheap  way  of  getting  ore  as  far 
as  labor  is  concerned.  But  the  miners  must  be  constantly  watched; 
otherwise  they  will  leave  the  mine  in  bad  state.  The  proportion  of  ore 
assigned  to  the  miners  is  generally  bought  ftom  them  by  the  mine 
owner  himself^  for  various  reasons. 

Parting.— (1)  Any  thin  interstratified  bed  of  earthy  material.  (2)  A  side 
track  or  turnout  in  a  haulage  road. 

PasiUa  (Spanish).— Dry  silver  amalgam. 

PtM«.— (1)  A  convenient  hole  for  throwing  down  ore  to  a  lower  level.  (2)  A 
passage  left  in  old  workings  for  men  to  travel  in  fh>m  one  level  to 
another. 

Pass-By.- A  siding  in  which  cars  pass  one  another  underground.    A  turnout. 

Pass-Into.-Yfhen  one  mineral  gradually  passes  into  another  without  any 
sudden  change. 

Patent  Fuel.—8maXi  coal  mixed  with  8  to  10^  of  pitch  or  tar,  and  compressed 
by  machinery  into  bricks. 

Patented  Claim.— A  claim  to  which  a  patent  right  has  been  secured  ftom  the 
government,  by  compliance  with  the  laws  relating  to  such  claims. 

Patent  Survey.— An  accurate  survey  of  a  claim  by  a  deputized  surveyor  as 
required  by  law  in  order  to  secure  a  patent  right  to  the  claim. 

lavement.— The  floor. 

Patio  (Mexican).— Any  paved  enclosure  more  or  less  surrounded  by  build- 
ings. An  ore-sorting  yard.  A  floor  or  yard  where  argentiferous  mud  is 
treated  by  amalgamation. 

Pay.— Profitable  ore. 

Pay  Dirt.— Th&t  portion  of  an  alluvial  deposit  that  contains  gold  in  payable 
quantities. 

Pay  (hU.—To  slacken  or  let  out  rope. 

Pay  .BocJfc— Mineralized  rock. 

Pay  iSifrea^.— Mineralized  part  of  rock. 

Peach  Stone  (Ctomish).— Chlorite  schist. 

Pea  Coal.- A  small  size  of  anthracite  coal  (see  page  4d4). 

Peou.— Small  coal  about  i  to  |  in.  cube. 

Pea<.— Thedecomposed  partly  carbonized  organic  matter  of  bogs,  swamps,  etc. 

Pd)t)le  Jack.—ZAnc  blende  in  small  crystals  or  pebble-like  forms  is  not 
attached  to  rock,  but  is  found  in  clay  openings  in  the  rock. 

Pee  (Derbyshire).— A  fhtgment  of  lead  ore. 

PeUa,  or  Plata  PeUa  (Mexican).— Silver  amalgam. 

Petwtoc*.— See  Forebay. 

Pent  House.— A  wooden  covering  for  the  protection  of  sinkers  working  in  a 
pit  bottom. 

PefUice.—A  few  pieces  of  timber  laid  as  a  roof  over  men's  heads,  to  screen 
them  when  working  in  dangerous  places,  e.  g.,  at  the  bottom  of  shafts. 

Pepenado  (Spanish).— Dressed  ore. 

Pepenar  (Mexican).— To  sort  ore. 

Percussion  Table.— A  kind  of  Jolting  table  used  in  separating  very  fine  ores 
from  slimes. 

PesUe.—A  hard  rod  for  poundine  minerals,  etc. 

Peter  Out.— To  "  peter  out "  is  to  tnin  out,  or  gradually  decrease  in  thickness. 

PeOanque  (Mexican).— Ruby  silver. 

Petrifaction. — Organic  remains  converted  into  stone. 

PfcJk.— (1)  A  toolfor  cutting  and  holing  coal.  (2)  To  dress  the  sides  or  &oe 
of  an  excavation  with  a  pick. 
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Picker,— {1)  A  small  tool  used  to  poll  up  the  wick  of  a  miner's  lampi 

(2)  A  person  who  picks  the  slate  from  the  coal  in  an  anthracite-coal 

breaker. 
Picking  Chute.— A  chute  in  an  anthracite  breaker  along  which  boys  are 

stationed  to  pick  the  slate  from  coal. 
Picking  Table.— (1)  A  flat  or  slightly  inclined  platform  on  which  anthracite 

coal  is  run  to  be  picked  free  from  slate.    (2)  A  sorting  table. 
Pico  (Mexican).— A  striking  or  sledge  hammer. 
Picture.— A  screen  to  keep  oflf  falling  water  fh>m  men  at  work. 
Piedraa  de  Mono  (Mexican).— Hand  specimens. 
Pig.— A  piece  of  lead  or  iron  cast  into  a  long  iron  mold. 
Pigsty  Timbering.— HoUow  pillows  built  up  of  logs  of  wood  laid  croaswlse 

for  supporting  heavy  weights. 
Pike.— A  pick. 
Pilar  (Mexican).— A  pillar  of  rock  or  ore  left  to  sustain  some  portion  of  the 

mine. 
Pileta  (Mexican).— (1)  A  sump.    (2)  The  basin  or  pot  where  melted  metal 

is  collected. 
Piling.— Long  pieces  of  timber  driven  into  soft  ground  for  the  purpose  of 

securing  a  solid  base  on  which  to  build  any  superstructure. 
Pillar. —{1)  A  solid  block  of  coal,  etc.  varying  in  area  from  a  few  square 

yards  to  several  acres.    (2)  Sometimes  applied  to  a  single  timber 

support. 
PiJUar-and-Room.—A  system  of  working  coal  by  which  solid  blocks  of  coal 

are  left  on  either  side  of  the  rooms,  entries,  etc.  to  support  the  roof  until 

the  rooms  are  driven  up,  after  which  they  are  drawn  out. 
pator-an(i-5tott.— See  BreaM-and-Pillar. 

Pillar  i2oad«.— Working  roads  or  inclines  in  pillars  having  a  range  of  long- 
wall  faces  on  either  side. 
Pillion  (Cornish).— Metal  remaining  in  slag. 
Pifla  (Mexican).— Same  as  Pdla. 
Pinch.— A  contraction  in  the  vein. 
Pinch  Out.— When  a  lode  runs  out  to  nothing. 
Pinta  (Mexican).— The  color,  weight,  grain,  etc.  of  ores,  whereby  it  is  poe* 

sible  to  form  some  idea  of  their  richness  in  the  various  metals. 
Pipe— An  elongated  body  of  mineral.    Also  the  name  given  to  the  fossil 

trunks  of  trees  found  in  coal  veins. 
Pipe  Clay.— A  soft  white  clay. 

Piped  Air.- Air  carried  into  the  working  place  by  pipes  or  brattice". 
Pminflr.— Undercutting  and  washing  away  gravel  before  the  water  nozzle. 
PU.—I1)  A  shaft.    (2)  The  underground  portion  of  a  colliery,  including  all 

workings.    (3)  A  gravel  pit. 
Pit  Bank.— The  raised  ground  or  platform  where  the  coal  is  sorted  and 

screened  at  the  surface. 
Pit  BoUom.— The  portion  of  a  mine  immediately  around  the  bottom  of  a  shaft 

or  slope.    See  Shaft  Bottom. 
Pitch.— {I)  Rise  of  a  seam.    (2)  Grade  of  an  incline.    (3)  Inclination.    (Cor- 
nish) A  part  of  a  lode  let  out  to  be  worked  on  shares,  or  by  the  piece. 
Pit  Cba/.— Generally  signifies  the  bituminous  varieties  of  coal. 
Pit  Frame.— See  Head-Frame. 

Pit  Headman.— The  man  who  has  charge  at  the  top  of  the  shaft  or  slope. 
Pitman.— A  miner;  also,  one  who  looks  after  the  pumps,  etc. 
Pit  Prop.— A  piece  of  timber  used  as  a  temporary  support  for  the  roof. 
Pit  J?aw«.— Mine  rails  for  underground  roaas. 

Pit  Room.— The  extent  of  underground  workings  in  use  or  available  for  use. 
Pit's  Eye. — Pit  bottom  or  entrance  into  a  shaft. 
Pit  Top.— The  mouth  of  a  shaft  or  slope. 
Ptocc.— The  portion  of  coal  face  allotted  to  a  hewer  is  spoken  of  as  his 

"working  place,"  or  simply  "place." 
Placer.— A  surface  accumulation  of  mineral  in  the  wash  of  streams. 
Placer  ifinmflr.—Surface  mining  for  gold  where  there  is  but  little  depth  of 

alluvial. 
Pton.— (1)  The  system  on  which  a  colliery  is  worked  as  LongtoaU,  PStar' 

and-Breast,  etc.    (2)   A  map  or  plan  of  the  colliery  showing_outside 

improvements  and  underground  workings.     (3)   (Mexican)   The  very 

lowest  working  in  a  mine.     Trabajar  de  Han.— To  work  to  gain  depth. 
Ptancha  (Mexican).— A  pig  of  lead,  etc.    A  plate,  thick  sheet,  or  mass  of  any 

metal. 
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Ptanehera  (Mexican).— A  mold   of  sand,  earth,  or  iron,  to    fonn   pigs 

of  lead. 
Flane.—A  main  road,  either  level  or  inclined,  along  which  coal  is  conveyed 

hy  en&dne  power  or  gravity. 
Plane  TaSle.^A  simple  surveying  instrument  by  means  of  which  one  can 

plot  on  the  field. 
HaniUa  (Mexican).— An  inclined  plane  of  mason  work,  wood,  etc.,  on  which 

tailings  are  spread  out,  to  be  concentrated  by  Jets  of  water,  skilAilly 

appli^. 
Plantuiero  (Mexican).— A  workman  who  devotes  himself  to  concentrating 

tailings,  etc.  on  the  PUmiUas:  always  paid  by  weight,  measure,  or  con- 
centrates produced. 
Plank  Dam.— A  water-tight  stopping  fixed  in  a  heading  constructed  of 

timber  placed  across  the  passage,  one  upon  another,  sidewise,  and 

tightly  wedged. 
Plank  TuJbbing.—QhAfi  lining  of  planks  driven  down  vertically  behind 

wooden  mbs  all  around  the  shaft,  all  joints  being  tightly  wedged,  to 

keep  back  the  water. 
Plan^.— ^he  shafts  or  slope,  tunnels,  engine  houses,  railways,  machinery, 

workshops,  etc.  of  a  colliery  or  other  mine. 
PUU^  or  Jfap.— A  map  of  the  surface  and  underground  workings,  or  of 

either,  to  draw  such  a  map  from  survey. 
PUaa  (Spanish).— Silver. 
Plata  Blanca  (Mexican).— Native  silver. 
PkUa  Cornea  AmarilUa  (Spanish).— lodyrite. 
Plata  Cornea  .Btonca  (Spanish).— Cerareyrite. 
PkUa  Cornea  Verde  (Spanish).— Embolite. 
Pla^  Mixta  (Spanish).— Gold  and  silver  alloy. 
Plata  Negra  (Spanish).- Argentite. 

Plata  Pasta  (Spanish).— Spongy  silver  bars  after  retorting. 
Plaia  Piha  (Spanish).— Silver  after  retorting. 
Plata  Verde  (Spanish).— Bromyrite. 

Pto.'e(Northof  England).— Scaly  shale  in  limestone  beds. 
Pto^.— Metal  rails  4  ft.  long. 
Plenum.— A  mode  of  ventilating  a  mine  or  a  heading  by  forcing  fresh  air 

into  it. 
Plomada  (Mexican).— A  plumb-line  or  plumb-bob. 
Plomb  d'Oeuvre  (JYench).— Dressed  galena. 
PlomiUos  (Mexican).— Snots  of  lead  found  in  slags. 
Plomo  (Spanish).— Lead,  galena. 
Plugging.— -yrhen  drift  water  forces  its  way  through  the  puddle  clay  into 

the  shaft,  holes  are  bored  throusrh  the  slabs  near  the  leakage  point,  and 

plugs  of  clay  forced  into  them  until  the  leakage  is  stopped, 
i^wmft.- Vertical . 
P^wTOwief.- (1)  A  heavy  weight  attached  to  a  string  or  fine  copper  wire  used 

for  determining  the  verticality  of  shaft  timbering.    (2)  A  plumb-bob  for 

settinga  surveying  instrument  over  a  point. 
Plufhger.-^YiQ  solid  ram  of  a  force  pump  working  In  the  plunger  case. 
Plunger  Ctwc.— The  pump  cylinder  or  barrel  in  which  the  plunger  works. 
Plusn  0)pper.— Chalcotnchite. 
Plwm  (Welsh).— Lead. 

Poblar  (Mexican).— To  set  men  at  work  in  a  mine. 
Pocket.— {1)  A  thickening  out  of  a  seam  of  coal  or  other  mineral  over  a  small 

area.    (2)  A  hopper-aiaped  receptacle  firom  which  coal  or  ore  is  loaded 

into  cars  or  boats. 
Podar  (Cornish).— Copper  pyrites. 
Pole  Ibote.- Drilling  tools  used  in  drilling  in  the  old  fashion,  with  rods,  now 

superseded  by  the  rope-drilling  method. 
Pblroz  (Cornish).— Waterwheel  pit. 
Pt)iini7.— Refining  metal,  when  in  a  molten  condition,  by  stirring  it  up  with  a 

green  pole  of  wood. 
PoU  Pick.— A  pick  having  the  longer  end  pointed  and  the  shorter  end  ham- 
mer-shaped. 
PolviUoB  (Spanish).- Rich  ores  or  concentrates. 
PolvovUa  (Spanish).— Black  silver. 

Poppet  Hmos.— The  pulley  fhime  or  hoisting  gear  over  a  shaft. 
Pci^  (Puppet).— {1}  A  pulley  fhime  or  the  head-gear  over  a  shaft.    (2)  A 

valve  that  lifts  bodily  firom  its  seat  instead  of  being  hinged. 
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Post.—il)  Any  upright  timber:  applied  particularly  to  the  timbers  used  fbr 

propping.    See  Prop,    (2)  Local  term  for  sandstone.    Post  stone  may  be 

"strong/'  "framey,"  "short,"  or  "broken." 
Po8t-and-StaU.—A  system  of  working  coal  much  the  same  as  PiUar-andrStatt. 
Pott  21;mary.— Strata  younger  than  the  Tertiarv  formation. 
Pot  Bottom.— A  large  boulder  in  the  roof  slate,  having  the  appearance  of  the 

rounded  bottom  of  a  pot,  and  which  easily  becomes  detached. 
Pot  Qrowan  (Ck>mish).~i>ecompo8ed  granite. 
1\A,  Hole.— A  circular  hole  in  the  rock  caused  by  the  action  of  stones  whirled 

around  by  the  water  when  the  strata  was  covered  by  water.    They  are 

generally  filled  with  sand  and  drift. 
Power  DriU.—A  rock  drill  employing  steam,  air,  or  electricity  as  a  motor. 
Prian  (Cornish).— Soft  white  clay. 
iVtdber.— (1)   A  thin  brass  rod  for  making  a  hole  in  the  stemming  wh^i 

blasting,  for  the  insertion  of  a  fttse.    (2)  A  piece  of  bent  wire  by  which 

the  size  of  the  flame  in  a  safety  lamp  is  regulated  without  removing  the 

top  of  the  lamp. 
JVia»—(l)  An  extra-rich  stone  of  ore.    (2)  A  bead  of  metal. 
Prong  (English).— The  forked  end  of  the  bucket-pump  rods  for  attachment  to 

the  traveling  valve  and  seat. 
JVop.— A  wooden  or  cast-iron  temporary  support  for  the  roof. 
JVoi)pinf7.— The  timbering  of  a  mine. 
Prospect.— ThQ  name  given  to  underground  workings  whose  value  has  not 

yet  been  made  manifest.    A  prospect  is  to  a  mine  what  mineral  is 

to  ore. 
Promect  Hole.— Any  shaft  or  drift  hole  put  down  for  the  purpose  of  prospect* 

ing  the  ground. 
Prospect  Tunnd  or  Entry.— A  tunnel  or  entry  driven  through  barren  measures 

or  a  fault  to  ascertain  the  character  of  strata  bevond. 
iVospecttn^.— Examining  a  tract  of  country  in  search  of  minerals. 
Prospector.— One  engaged  in  searching  for  minerals. 

1  totector  Lamp.— A  safety  lamp  whose  flame  cannot  be  exposed  to  the  out- 
ward atmosphere,  as  the  action  of  opening  the  lamp  extinguishes  the 

light. 
Prove.— {1)  To  ascertain,  by  boring,  driving,  etc.,  the  position  and  character 

of  a  coal  seam,  a  fault,  etc.    (2)  To  examine  a  mine  in  search  of  fire- 
damp, etc.,  known  as  "  proving  the  pit." 
Proving  Hole.—{l)  A  bore  hole  oriven  for  prospecting  purposes.    (2)  A 

small  heading  driven  in  to  find  a  bed  or  vein  lost  by  a  olslocation  of 

the  strata,  or  to  prove  the  quality  of  the  mineral  in  advance  of  the 

other  workings. 
Pudding  Machine.— A  circular  machine  for  washing  pay  dirt. 
Pudding  Rock. — Conglomerate. 
Puddle.— (1)   Earth  well  rammed  into  a  trench,  etc.,  to  prevent  leaking. 

(2)  A  process  for  converting  cast  iron  into  wrought  iron. 
Puewe  (Mexican}.— The  actual  working  of  a  mine;  the  aggregation  of 

persons  employed  therein. 
Puertas  (Mexican).— Massive  barren  rocks,  or  "  horses,"  occurring  in  a  vein. 
Pug  MiU.—A  mill  for  preparing  clay  for  bricks,  pottery,  etc. 
PuMey.—(l)  The  wheel  over  which  a  winding  rope  passes  at  the  top  of  the 

head-gear.    (2)  Small  wooden  cylinders  over  which  a  winding  rope  is 

carried  on  the  floor  or  sides  of  a  plane. 
Puacyinflr.— Overwinding  or  drawing  up  a  cage  into  the  pulley  fhune. 
Pulp.— Crushed  ore,  wet  or  dry. 
Pump.— Any  mechanism  for  raising  water. 
Pump  Bob.— See  Bob. 
Pumn  Ring.— A  flat  iron  ring  that,  when  lapped  with  tarred  bcdze  or  engine 

shag,  secures  the  joints  of  water  columns. 
Pump  Bod«.— Heavy  timbers  by  which  the  motion  of  the  engine  is  trans* 

mitted  to  the  pump.    In  Cornish  and  bull  pumps,  the  weight  of  the  rods 

makes  the  efifective  (pumping)  stroke,  the  engine  merely  uftlng  the  rods 

on  the  up  stroke. 
Pump  Slope.— A  slope  used  for  pumping  machinery. 
Pump  Station.— An  enlargement  made  in  the  shaft,  dope,  or  gangway,  to 

receive  the  pump. 

Pump  TVec.— Cast-iron  pipes,  generally  9  ft.  long,  of  which  the  column  or  set 
IS  formed. 

Punch-and-TMrL'^A  kind  of  pillar-cmd'Stall  system  of  working. 


^ 


Pun  glossary.  Rbi  605 

Punch  Prop.—A  diort  timber  prop  set  on  the  top  of  a  crown  tiee,  or  used  in 

holding,  as  a  sprag. 
Putty  £Vone8.— 8oft  pieces  of  decomposed  rock  found  in  placer  deposits. 


Pyran  (Ck)mi8h).-^ee  Prian. 

iViiCes.— Sulphide  of  iron. 

liromder.— An  instrument  for  measuring  high  degrees  of  heat. 


Ouajado  (Spanish).— Dull  lead  ore. 

Quarry. '-(l)  An  open  surface  excavation  for  working  valuable  rocks  or 
minerals.  (2)  An  underground  excavation  for  obtaining  stone  for 
stowage  or  pack  walls. 

BuekeL—A  bucket  for  hoisting  quarts, 
lory.— Post-tertiary  period. 
adero  (Mexican).— A  burning  place;  a  retorting  fUmace  for  silver  or 
gold  amalgam. 

QumMdos  (M^can).— Burnt  stuflf.    Any  dark  cinder-like  mineral  encoun- 
tered in  a  vein  or  mineral  deposit,  generally  manganiferous. 
Queme  (Mexican).— A  roast  of  ore;  the  process  of  roasung  ore. 
Quick  (Adjective).— Soft,  running  ground;  an  ore  or  pay  streak  is  said  to  be 
quickening  when  the  associated  minerals  indicate  richer  mineral 
ahead.    Quick  (Noun).— (l)  Productive.    (2)  Mercury. 
'  and.— Soft  watery  strata  easily  moved,  or  readily  yielding  to  pressure. 
»it>cr.— Meroury. 
UkUo  (Spanish).— Carat. 

lapeplsna  (Mexican).— A  watchman  that  searohes  the  miners  as  they 
come  out  at  the  mouth  of  a  mine. 

Rabban  (Ck>mish}.— Yellow  dry  gossan. 

JtobMifi^.— Stirring  up  a  charge  of  ore  in  a  reverberatory  fhmace  witk 

specially  designed  iron  rocus. 
Mace.— A  channel  for  conducting  water  to  or  fh)m  the  place  where  it  poi- 

forms  work.   The  former  is  termed  the  headrace,  and  the  latter  th^ 

taUrace. 
Back  (Cornish).— A  stationary  huddle. 
Jto/l— The  coarse  ore  after  crushing  by  Cornish  rolls. 
Bawain  (Cornish).- Poor  ore. 

Raff  Whed.—A  revolving  wheel  with  side  buckets  for  elevating  the  raff. 
Rafter  Tinibering.—Thakt  in  which  the  timbers  appear  like  roof  rafters. 
Rag  Burning  (Cornish).— The  first  roasting  of  tin-wltts. 
Ragging  (Cornish).    Rough  cobbing. 
Rag  TP^eef.— Sprocket  wheel.    A  wheel  with  teeth  or  pins  that  c^tch  into  the 

links  of  chains. 
Jtotfe.— The  iron  or  steel  portion  of  the  tramway  or  railroad. 
Rake  (Cornish).— (1)  A  vein.    (2)  (Derbyshire)  Fissure  vein  crossing  strata. 
Ram.—(1)  The  plunger  of  a  pump.    (2)  A  device  for  raising  water. 
Ramal  (Mexican).— A  branch  vem. 

jBctma<ear  (Mexican).— To  branch  off  into  various  divisions. 
Jtomdie.— Stone  of  little  coherence  above  a  seam  that  Calls  readily  on  the 

removal  of  the  coal.    See  Following  Stone. 
Ranee.— A  pillar  of  coal. 
Rapper.— A  lever  with  a  hammer  attached  at  one  end,  which  signals  by 

striking  a  plate  of  metal,  when  the  signaling  wire  to  which  it  is  attached 

is  pulled. 
Rash.— A  term  used  to  designate  the  bottom  of  a  mine  when  soft  and  slaty. 
RastriUo  (Mexican).— A  rake;  a  stirrer  for  moving  ore  in  a  fUmace. 
Rastron  (Mexican).— A  Chilian  mill. 
Raw  Ore.- Not  roasted  or  calcined. 
Reaeher.—A  slim  prop  reaching  f^om  one  wall  to  the  other. 
Reamer.— An  enlarging  tool. 
iSfamin^.— Enlarging  the  diameter  of  a  bore  hole. 
Receiving  PU.—A  shallow  pit  for  containing  material  run  into  it. 
Red-Ash  Coal.—CoaX  that  produces  a  reddiui  ash,  when  burnt. 
Red  Rab  (Cornish).- Red  slaty  rock. 
Redwsed.-yfYien  a  metal  is  ft-eed  from  its  chemical  associate  it  Is  said  to  be 

reduced  to  the  metallic  state. 
Reduction  Works.— yfot^  for  reducing  metals  f^om  their  ores. 
Reef.—{1)  A  vein  of  quartz.    (2)  Bed  rock  of  alluvial  claims. 
Retf  Drive.— In  alluviial  mines,  drives  made  in  the  country  rock  or  reef. 
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J{«;^%{7.— The  freeing  of  metals  from  impoiitieB. 
J2^/ractm.--Rebelliou8  ore,  not  easily  treated  by  ordinary  proceasee. 
Refuge  Hole.— A  place  formed  in  the  side  of  an  underground  plane  in  whidi 

a  man  can  take  reftige  during  the  passing  of  a  train,  or  when  shots  are 

fired. 
Regulator.— A  door  in  a  mine,  the  opening  or  shutting  of  which  regulates  the 

supply  of  ventilation  to  a  district  of  tne  mine. 
Reguliu.—See  Matte. 
Rdaanpago,  or  Rdampaauear  (Mexican).— The  brightening  of  the   silTer 

button  during  cupellation. 
Rdia  (Spanish).— Wall  of  lode. 
Rendir  (Mexican).— Is  when  all  the  eHyet  has  been  amalgamated  in  a  heap 

of  argentiferous  mud  on  a  patio. 
Rendrock.—A  variety  of  dynamite. 
Repairman.— A  workman  whose  duty  it  is  to  repair  tracks,  doors,  brattices, 

or  to  reset  timbers,  etc.,  under  the  direction  of  the  foreman. 
Repaao-Reptuar  (Mexican).— The  art  of  mixing  up  the  mud  heaps  In  the 

patio  process  of  amalgamation  by  treading  them  over  with  norses  or 

mules. 
Repo8  Adero  (MexicAn).— The  bottom  of  a  crucible  or  pot  in  an  upright 

smelting  fhmace. 
Rescatadorea  (Mexican).— Ore  buyers. 
Jteserw.— Mineral  already  opened  up  by  shafts,  winzes,  levels,  etc.,  which 

may  be  broken  at  short  notice  for  any  emergency. 
Reaervoir.— An  artificially  built,  dammed,  or  excavated  place  for  holding  a 

reserve  of  water. 
RespaldoB  (Mexican).— The  walls  enclosing  a  vein.    Respaldo  AUo.—Tht 

nanging  wall.    Respdfdo  Bajo.— The  foot- wall. 
Rests,  Keeps,  TTin^s.— Supports  on  which  a  cage  rests  when  the  loaded  car 

is  being  taken  off  and  the  empty  one  put  on. 
Re8ue.—8ee  Stripping. 
Retort.— (1)  A  vessel  with  a  long  neck,  used  for  distilling  the  quicksilver 

from  amalgam.    (2)  The  vessel  used  in  distilling  zinc. 
Return.— The  air-course  along  which  the  vitiated  sUt  of  a  mine  is  returned 

or  conducted  back  to  the  upcast  shaft. 
Return  .4<r.— The  air  that  has  been  passed  through  the  workings. 
Reverberatory.—A  class  of  frimaces  m  which  the  fiame  troia  the  fire-grate  is 

made  to  beat  down  on  the  charge  in  the  body  of  the  ftimace. 
Reversed  Fault.— See  Overlap  Fault. 
Rib.— The  side  of  a  pillar. 

Rib^nd-PiUar.-A  system  of  working  similar  to  PUlar-and-Statt. 
Ribbon.— A  line  of  bedding  or  a  thin  bed  appearing  on  the  cleavage  muisice 

and  sometimes  of  a  different  color. 
iJicJfc.— Open  heap  in  which  coal  is  coked. 
Ridding.— Clearing  away  fallen  stone  and  debris. 
Middle.— An  oblong  fr^ime  holding  iron  bars  parallel  to  each  other,~Ufled  for 

sifting  material  that  Is  thrown  against  it.  . 
Ride,  RicRng.— To  be  conveyed  on  a  cage  or  mine  car. 
Rider.— (1)  A  guide  fr^me  for  steadying  a  sinking  bucket.    (2)  Boys  that 

ride  on  trips  on  mechanical  haulage  roads.    (3)  A  thin  seam  of  coal 

overljring  a  thicker  one. 
Riffle,  or  J^tppZe.— Crosspieces  placed  on  the  bottom  of  a  sluice  to  save  gold; 

or  grooves  cut  across  inclined  tables. 
Right  shore.— The  right  shore  of  a  river  is  on  the  right  hand  when  descend- 
ing the  river. 
RiU.— The  coarse  ore  at  the  periphery  of  a  pile. 
Rim  Rock.— Bed  rock  forming  a  boundary  to  gravel  deposit. 
Ring.—(1)  A  complete  circle  of  tubbing  plates  placed  round  a  circular  shaft. 

(2)  Troughs  placed  in  shafts  to  eaten  the  falling  water,  and  so  arranged 

as  to  convey  it  to  a  certain  point. 
Atpptna.— Removing  stone  from  its  natural  position  above  the  seam. 
Rtscos  (Mexican).— Sharp  and  {H'ecipitous  rocks;  amorphous  quarts  found 

in  veins  or  outcrops. 
Rise.— The  inclination  of  the  strata,  when  looking  up  the  pitch. 
Rise  Wt>rA:tn.<7«.— Underground  workings  carried  on  to  the  rise  or  high  side 

of  the  shaft. 
River  Mining.— Worldng  beds  of  existing  rivers  by  deflecting  their  course 

or  by  dredging. 
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Jtood.— (1)  Anv  underground  passageway  or  gallery.    (2)  The  iron  raili; 

etc.  of  underground  roads. 
£oa«^n^.— Heating  ores  at  a  temperature  sufficient  to  cause  a  chemical 

change,  but  not  enough  to  smelt  them. 
jRo&.— To  cut  away  or  reduce  the  size  of  pillars  of  coal. 
jRo6&inp.— The  taking  of  mineral  firom  pillars. 
Rdtibing  an  £n<ry.— See  Drawing  an  EiUry. 
Bock.—A  mixture  of  different  minerals  in  varying  proportions. 
Bock  Breaker.— A  machine  for  reducing  ore  in  size  by  crunching  it  between 

powerftil  jaws. 
Boek  Chute.— See  Slate  Chute. 
Bock  DriU.—A  rock-boring  machine  worked  by  hand,  compressed  air,  steam, 

or  electrical  power. 
Bocker.—See  Cradle. 
Bock  Fault.— A  replacement  of  a  coal  seam  over  greater  or  less  area,  by  some 

other  rock,  usually  sandstone. 
Bodding.— The  operation  of  fixing  or  repairing  wooden  eye  guides  in 

shaits. 
BoU.— An  inequality  in  the  roof  or  floor  of  a  mine. 
Boiler.— A  small  steel,  iron,  or  wooden  wheel  or  cylinder  upon  which  the 

hauling  rope  is  carried  Just  above  the  floor. 
BoUeyway.—A  main  haulage  road. 
BoUinq  (Tround.— When  the  surface  is  much  varied  by  many  small  hills  and 

valleys. 
£o2Z8.— Cast-iron  cylinders,  either  plain  or  fitted  with  steel  teeth,  used  to 

break  coal  and  other  materials  into  various  sizes. 
Boof.—The  top  of  any  subterranean  passage, 
ieoom.— Synonymous  with  Breast. 

Boom-and-Bance.—A  system  of  working  coal  similar  to  PUlar-and-StalL 
Bope  BoU.— The  drum  of  a  winding  engine. 
Bosiclara  (Spanish).— Ruby  silver  ore. 
Boughs  (Cornish).— Second  quality  tin  sands. 
Bound  Coal.— Coal  in  large  lumps,  either  hand-picked,  or,  after  passing  over 

screens,  to  take  out  the  small. 
BoyaUy.— The  price  paid  per  ton  to  the  owner  of  mineral  land  by  the  lessee. 
Buhbing  Surface.— The  total  area  of  a  given  length  of  airway;  that  is,  the 

area  of  top,  bottom,  and  sides  added  together,  or  the  perimeter  multi- 
plied by  tne  length. 
Bubble.— Coajne  pieces  of  rock. 

Bumbo  (Mexican).— The  course  or  direction  of  a  vein. 
Bun.—{1)  The  sliding  and  crushing  of  pillars  of  coal.    (2)  The  length  of  a 

lease  or  tract  on  the  strike  of  the  seam. 
Bun  Coal.— Soft  bituminous  coal. 

Bwng,  Bundle,  or  Bound.— A  step  or  cross-bar  of  a  ladder. 
Bunner.—A  man  or  boy  whose  duty  it  is  to  run  mine  cars  by  gravity  from 

working  places  to  the  gangway. 
Bunning  Lift.— A  sinking  set  of  pumps  constructed  to  lengthen  or  shorten 

at  will,  by  means  of  a  sliding  or  telescoping  wind  bore. 
Bush.— An  old-fashioned  way  of  exploding  blasts  by  filling  a  hollow  stalk 

with  slow  powder  and  then  igniting  it. 
Bu^h  &o2cI.— Gold  coated  with  oxide  of  iron  or  manganese. 
Bush  Together. — See  Caved  In. 
Busty.— SXxAneA  by  iron  oxide. 

Saoa  (Mexican).— A  bagftil  of  ore.    A  mine  is  said  to  be  c2e  buena  saca  when 

it  has  large  quandaes  of  ore  easy  to  get  out 
Saddle.— An  anticlinal,  a  hogback. 
Saddleback.— A  depression  in  the  strata.    See  BoU. 
Saddle  Be^.—A  reef  having  the  form  of  an  inverted  V. 
Soifety  Cage.- A  cage  fitted  with  an  apparatus  for  arresting  its  motion  in  the 

shaft  in  case  the  rope  breaks. 
Soifety  Oar.— See  Barney. 

Safety  CWcA€«.— Appliances  fitted  to  cages,  to  make  them  safety  cages. 
Safetjf  Door.— A  strongly  constructed  door,  hinged  to  the  roof,  and  always 

kept  open  and  hung  near  to  the  main  door,  for  immediate  use  when 

main  door  is  dama^d  by  an  explosion  or  otherwise. 
Safety  Fuse.- A  cord  with  slow-burning  powder  in  the  center  for  exploding 

(marged  blast  holes. 
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8<tfely  Lamp.-^A  miner's  lamp  in  which  the  flame  is  protected  in  each  a 

manner  that  an  explosive  mixture  of  air  and  firedamp  can  be  detected 

by  the  mixture  burning  inside  the  gauze. 
Sag.— A  deiHression,  e.  g..  in  ropes,  ranges  of  mountains,  etc. 
Scire,  OT  Seggar.—A  local  term  for  fireclay,  often  forming  the  fioor  (or  thill) 

of  coal  seams. 
Salting.— (1)  Changing  the  value  of  the  ore  in  a  mine  or  of  ore  samples 

before  tney  have  been  assayed,  so  that  the  assay  will  show  much  higner 

values  than  it  should.    (2)  Sprinkling  salt  on  the  floors  of  undergnrand 

passages  in  very  dry  mines,  in  order  to  lay  the  dust. 
Samptor.— (1)  An  instrument  or  apparatus  for  taking  samples.    (2)  One  whose 

auty  it  IS  to  select  the  samples  for  an  assay,  or  to  prepare  the  mineral 

to  be  assayed,  ty  grinding  and  sampling. 
Sampling  Works.— worka  for  sampling  and  determining  the  values  obtained 

m  ores;  where  ores  are  bought  and  sold. 
Samson  Post— An  upright  supporting  the  working  beam  that  communicates 

oscillatory  motion  to  pump  or  drill  rod. 
Sand  B<u.—A  bag  filled  with  sand  for  preventing  a  washout  by  obstracting 

the  flow. 
Sand  Pump.— A  sludger;  a  cylinder  provided  with  a  stem  (or  other)  valve, 

lowered  into  a  dml  hole  to  remove  the  pulverized  rock. 
Scaffolding.— Incmst&tiona  on  the  inside  of  a  blast  ftimaoe. 
SeaU.—(l)  A  small  portion  of  the  ventilating  current  in  a  mine  passing 

through  a  certain  size  of  aperture.    (2)  The  rate  of  wages  to  be  paid, 

which  varies  under  certain  contingencies. 
Scaie  Door.— See  BegtUator. 

ScaUop.—To  hew  coal  without  kirving  or  nicking  or  shot  firing. 
Scy^i«f.— Crystalline  or  metamorphic  rocks  having  a  slaty  structure. 
ScAttte.— See  ChuU. 
Scissors  FauU.—A  &ult  of  dislocation,  in  which  two  beds  are  thrown  so  as  to 

cross  each  other. 
Scoop.- A  large-sized  shovel  with  a  scoop-shaped  blade. 
Scono.— Ashes. 

Scorifier.—A  small  dish  used  in  assaying. 
Scovan  (Cornish).— A  tin  lode  showing  no  gossan  at  snrlkee. 
Scooe  (Cornish).— Purest  tin  ore. 
^rammt'tt^.— Cleaning  up  small  bodies  or  patches  of  ore  left  in  the  ordinary 

process  of  mining. 
Scraper,— {\)  A  tool  for  cleaning  the  dust  out  of  the  bore  hole.    (2)  A 

mechanical  contrivance  used  at  colleries  to  scrape  the  culm  or  auu^ 

along  a  trough  to  the  place  of  deposit. 
Scrapper.— A  local  name  nven  to  parties  that  |dck  up  the  ore  left  on  dumpa 
Screen. — (1)  A  mechanical  apparatus  for  sizing  materials.    (2)  A  doth  facat^ 

tice  or  curtain  hung  across  a  road  in  a  mine,  to  direct  the  ventUatioii. 
Serin  (Derbyshire).— A  small  vein. 
Scrowl  (Cornish).— Loose  ore  where  a  vein  is  crossed. 
SctfZpin^.— Fracturing  the  slate  along  the  grain,  i.  e.,  across  the  cleavage. 
Scupper  iVatfo.— Nails  with  broad  heads,  for  nailing  down  canvas,  etc. 
Sea  uKii.— That  which  is  transported  by  sea. 

SeoZm^.— Shutting  off  all  air  fh)m  a  mine  or  a  part  of  a  mine  by  stopplnga. 
Seam.-iX)  Synonjnnous  with  Bed^  Vein^  etc.    (2)  (Cornish)  A  horae  load 

of  ore. 
Seam'Oul.—A  term'applied  to  a  shot  or  blast  that  has  simidy  blown  ont  a  softer 

stratum  of  the  deposit  in  which  it  was  placed,  wiinout  dislodging  the 

other  strata  or  layers  of  the  seam. 
Second  OuUet  (Second  Opening).— A  passageway  out  of  a  mine,  fbr  use  in  case 

of  accident  to  the  main  outlet. 
Seconds.— The  second-class  ore  of  a  mine  that  requires  dressing. 
Second  Working.— The  operation  of  getting  or  working  out  the  pillars  fbrmed 

by  the  first  working. 
Section.— {1)  A  vertical  or  horizontal  exposure  of  strata.    (2)  A  drawing  or 

sketch  representing  the  rock  strata  as  cut  by  a  vertical  or  a  boriaontal 

plane. 
Sedimentary  Roeks.—Rocka  formed  ttom  deposits  of  sediment  by  wind  or 

water. 
Seedbag.—A  water-tight  packing  of  flaxseed  around  the  tube  of  a  drill  bole. 

to  prevent  the  influx  into  the  hole  of  water  from  above. 
SegregaHons.—DetaiChed  portions  of  veins  in  place. 
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Se^'AcHng  Plane.— An  inclined  plane  upon  which  the  weight  or  force  of 
gravity  actine  on  the  Aill  cars  is  sufficient  to  OYQrcome  the  re^stance  of 
the  empties;  m  other  words,  the  ftill  car,  ronning  down,  pulls  the  other 
car  up. 

Se^'Detaching  HooTc.—K  self-acting  hook  for  setting  free  a  hoisting  rope  in 
case  of  overwinding. 

Sdf'Feeders.—AMUymaXiQ  appliances  for  feeding  ore^ressing  machines. 

Seiva^.— The  clay  seam  on  the  walls  of  veins;  gouge. 

Separaiion  Doors.— The  main  doors  at  or  near  the  shaft  or  slope  bottom, 
which  separate  the  intake  from  the  return  airways. 

Separation  Valve.— A,  massive  cast-iron  plate  suspended  from  the  roof  of  a 
return  airway  through  which  all  the  return  air  of  a  separate  district 
flows,  allowing  the  air  to  always  flow  past  or  underneath  it;  but  in 
the  event  of  an  explosion  of  gas,  the  force  of  the  blast  closes  it  against 
its  frame  or  seating,  and  prevents  a  communication  with  other  districts. 
The  blast  being  over,  the  weight  of  the  valve  allows  it  to  return  to  its 
normal  position. 

Set— To  fix  in  place  a  prop  or  sprag. 

Set  J3dmmer.— The  flat-fkced  hammer  held  on  hot  iron  by  a  blacksmith  when 
shapinfir  or  smoothing  a  surfkce  by  aid  of  his  striker's  sledge. 

Set  of  Timber.— Th%  timbers  which  compose  any  framing,  whether  used  in 
a  shaft,  slope,  level,  or  gangway.  Thus,  the  four  pieces  forming  a  single 
course  in  the  curbing  of  a  shaft,  or  the  three  or  four  pieces  forming 
the  l^;s  and  collar,  and  sometimes  the  sill  of  an  enti^  framing  are 
together  called  a  set  of  timber,  or  timber  set. 

Shackle.— A  U-shaped  link  in  a  chain  closed  by  a  pin;  when  the  latter  is  with- 
drawn the  chain  is  severed  at  that  point 

Shadd  (Ck)mish).~Rounded  frannents  of  ore  overlying  a  vein. 

8hc^.—A  vertical  or  highly  inclined  pit  or  hole  made  through  strata,  through 
which  the  product  of  the  mine  is  noisted,  and  through  which  the  vencila- 
tion  is  passed  either  into  or  out  of  the  mine.  A  shaft  sunk  fr^m  one 
seam  to  another  is  called  a  "blind  shaft." 

Shaft  Ptttor.— Solid  material  left  unworked  beneath  buildings  and  around 
the  shaft,  to  support  them  against  subsidence. 

Shaking  Table.— An  inclined  table  for  concentrating  fine  grains  of  ore,  which 
is  rapidly  shaken  by  a  short  motion 

Shale,— (l)  Strictly  speakine,  all  argillaceous  strata  that  split  up  or  peel  off 
in  thin  laminae.  (2)  A  laminated  and  stratified  sedimentary  deposit  of 
clay,  often  impregnated  with  bituminous  matter. 

Shank.— The  body  portion  of  any  tool,  up  ftx)m  its  cutting  edge  or  bit. 

Shearing.— Cutting  a  vertical  groove  in  a  coal  face  or  breast.  The  cutting  of 
a  *•  fest  end  "  of  coal. 

&iear  Legs.— A  high  wooden  ft«me  placed  over  an  engine  or  pumping  shaft 
fitted  with  small  pulleys  and  rope  for  lifting  heavy  weights. 

Shears,  or  Sheers  (English).— Two  tall  poles,  mth  their  feet  some  distance 
apart  and  their  tops  fastened  together,  for  supporting  hoisting  tackle. 

Shear  Zone.— Hogback. 

Sheave.— A  wheel  with  a  grooved  circumference  over  which  a  rope  is  turned 
either  for  the  transmission  of  power  or  for  winding  or  hauling. 

Sheet  Pwmp.— See  Sludger, 

Sheets.— Coarse  cloth  curtains  or  screens  for  directing  the  ventilating  current 
underground. 

SheUy.—A  name  applied  to  coal  that  has  been  so  crushed  and  fractured  that 
it  easily  breaks  up  into  small  pieces.  The  term  is  also  applied  to  a  lami- 
nated roof  that  sounds  hollow  and  breaks  into  thin  layers  of  slate  or 
shale. 

Shet  (Stafibrdshire).— Fallen  roof  of  coal  mine. 

Shet?i,—ATi  old  term  denoting  a  district  of  about  eight  or  nine  adjacent  bords. 
Thus,  a  "  sheth  of  bords/'  or  a  "  sheth  of  ^lars." 

Sh{ft.—{1)  The  number  of  hours  worked  without  change.  (2)  A  gang  or 
force  of  workmen  employed  at  one  time  upon  any  work,  as  the  day  wift, 
or  the  night  shift. 

Shoad  (Ck>mish).— See  Shadd. 

Sheading  (Cornish).— Prospectl|ig. 

Sho€.—(l)  A  steel  or  iron  guide  ^ece  fixed  to  the  ends  or  sides  of  cages,  to 
fit  or  run  on  the  conductors.  (2)  The  upper  working  face  of  a  stamp  or 
grinding  pan.  (3)  The  lower  capping  or  any  post  or  pile,  toprotect  its 
end  while  driving.    (4)  A  wooden  or  sheet-iron  frame  or  muflr  arranged 
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At  tbe  bottom  of  a  shaft  while  mnking  through  quicksand,  to  pieyent  the 

inflow  of  sand  while  insertinff  the  shiift  lining. 
Shooly  Chute,  Shute.—{l)\k  run  ot  rich  material  in  a  vein.    (2)  An  inclined 

or  vertical  trough  or  pipe  for  conveying  materials  from  a  higher  to  a 

lower  level. 
Shoot.— To  break  rock  or  coal  by  means  of  explosives. 
iSAooftno.-- Blasting  in  a  mine. 
Shore  (English).— A  studdle  or  thrusting  stay. 
Shore  Up.— To  stay,  prop  up,  or  support  oy  braces. 
Shot.— (I)  A  charge  or  blast.    (2)  The  firing  of  a  blast.    (3)  Injured  by  a 

blast 
Shot- Firer.— See  Shot  Lighter. 
Shot  Hole.— The  bore  hole  in  which  an  explosive  substance  is  placed  for 

blasting. 
Shot  Lighter,  or  Shot  Firer.—A  man  specially  appointed  by  the  manager  of 

the  mine  to  fire  off  every  shot  in  a  certain  district,  if,  after  he  has 

examined  the  immediate  neighborhood  of  the  shot,  he  finds  it  tree  finom 

gas,  and  otherwise  safe. 
Shotty  (?o^.--Granular  pieces  like  shot. 
Shovf.—Vfhen  the  flame  of  a  safety  lamp  becomes  elongated  or  unsteady, 

owing  to  the  presence  of  firedamp  in  the  air,  it  is  said  to  show. 
Shmvifig.— The  first  appearance  of  float,  indicating  the  approach  to  an  out- 
cropping vein  or  seam.    Blossom. 
Shroud.— A  bousing  or  jacket. 
Shute.—Siee  Chute,  Shoot,  and  Schvie. 
Shutter.— 0.)  A  movable  sliding  door,  fltted  within  the  outer  casing  of  a 

Guibal  or  other  closed  fan.  for  regulating  the  size  of  the  opening  from 

the  fan,  to  suit  the  ventilation  and  economical  working  of  the  machine. 

(2)  A  slide  covering  the  opening  in  a  door  or  brattice,  and  forming  a 

r^fulator  for  the  proportionate  division  of  the  air-current  between  two 

or  more  districts  of  a  mine. 
Sickening. —A  coating  of  impurities  on  quicksilver  that  retards  amalgama- 
tion or  the  coalescence  of  the  globules  of  quicksilver. 
Siddle. — Inclination. 
Side.—{1)  The  more  or  less  vertical  face  or  wall  of  coal  or  goaf  forming  one 

side  of  an  underground  working  place.    (2)  Rib.    (3)  A  district. 
Side  Chain.— A  chain  hooked  on  to  the  sides  of  cars  running  on  tax  incline  or 

along  a  gangway,  to  keep  the  cars  together  in  case  the  coupling 

breaks. 
Sidelong  Ee^.— An  overhanging  wall  of  bed  rock  in  alluvial  formations 

running  parallel  with  tbe  course  of  the  gutter;  generally  only  on  one 

side  of  it. 
Siding.— A  short  piece  of  track  parallel  to  the  main  track,  to  serve  as  a 

passing  place. 
Siding  Over.— A  short  road  driven  in  a  pillar  in  a  headwise  direction. 
Sight.— (!)  A  bearing  or  an^le  taken  with  a  compass  or  transit  when  making 

a  survev.    (2)  Any  established  point  of  a  survey. 
Sights.— Boob  or  weighted  strings  hung  ttom  two  or  more  established  points 

in  the  roof  of  a  room  or  entry,  to  give  direction  to  the  men  driving  the 

entry  or  room. 
SiU,—{l)  The  floor  piece  of  a  timber  set,  or  that  on  which  the  track  rests; 

the  base  of  any  iraming  or  structure.    (2)  The  floor  of  a  seam. 
Silver.— (1)  A  certain  white  ductile  and  valuable  metal.    (2)  Short  for  quick- 
silver. 
Sing. — ^The  noise  made  by  a  feeder  of  ^:as  issuing  from  the  coal. 
Singing  Coai.—Coal  from  which  gas  is  issuing  with  a  hissing  sound. 
Singing  Lamp.— A  safety  lamp,  which,  when  placed  in  an  atmosphere  of 

explosive  gas,  gives  out  a  peculiar  sound  or  note,  the  strength  of  the 

note  varying  in  proportion  to  the  percentage  of  firedamp  present. 
Single-Entry  System.— A  system  of  opening  a  mine  by  driving  a  single  entry 

only,  in  place  of  a  pair  of  entries.    The  air-current  returns  along  tbe 

face  of  the  rooms,  which  must  be  kept  open. 
Single-Intake  Fan.— A  ventilating  fan  that  takes  or  receives  its  air  upon  one 

side  only. 
Single-Bope  Haulage.— A  system  of  underground  haulage  in  which  a  single 

rope  is  used,  the  empty  trip  running  in  by  gravity.    This  is  englne-pliuie 

haulage. 
Sink.T-To  excavate  a  shaft  or  slope;  to  bore  or  put  down  a  bore  hole. 
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Stoter.—A  man  who  works  at  tlie  bottom  of  a  shaft  or  ftiyce  of  a  slope  during 

the  course  of  sinking. 
SinJcer  Bar.— In  rope  dmling,  a  heavy  bar  attached  above  the  jars,  to  give 

force  to  the  up  stroke,  so  as  to  dislodge  the  bit  in  the  hole. 
Sinking.— The  process  of  excavating  a  shaft  or  slope  or  boring  a  hole. 
Siphon.— A  simple,  effective,  and  economiccJ  mode  of  conveying  water  over 

a  hill  whose  height  is  not  greater  than  what  the  atmospheric  pressure 

will  raise  the  water.    Its  rorm  is  that  of  an  iron  pipe,  bent  like  an 

inverted  U;  the  vertical  height  between  the  surface  of  the  water  in  the 

upper  basin  and  the  top  of  the  hill  is  called  the  lift  of  the  siphon;  while 

the  vertical  height  between  the  surfaces  of  the  water  in  the  upper  and 

lower  basins  is  called  the  fall  of  the  siphon. 
Sizing.— To  sort  minerals  into  sizes. 
Skew  Back.— The  beveled  stone  from  which  an  arch  springs,  and  upon  which 

it  rests. 
SJh'(i8.— Slides  upon  which  heavy  bodies  are  slid  from  place  to  place. 
Skimpinga  (Cornish).— The  poorest  ore  skimmed  off  the  jigger. 
Skip.—(X)  A  mine  car.    (2)  A  car  for  hoistin^r  out  of  a  slope.    (3)  A  thin 

slice  taken  off  from  a  breast  or  pillar  or  nb  along  its  entire  length  or 

part  of  its  length. 
Skirting.— Ro&d  opened  up  or  driven  next  a  fall  of  stone,  or  an  old  £allen  place. 
Skit  (Cornish).— A  pump. 
Stob.— Split  pieces  of  timber  ftom  2  in.  to  3  in.  thick,  4  ft.  to  6  ft.  long,  and 

7  in.  to  14  in.  wide,  placed  behind  sets  or  frames  of  timber  in  shafts  or 

levels. 
SZckjJfc.— (1)  Fine  coal  that  will  pass  through  the  smallest  sized  screen.    The 

fine  coal  and  dust  resulting  from  the  nandlin^  of  coal,  and  the  disinte- 
gration of  soft  coal.    (2)  The  process  by  which  soft  coal  disintegrates 

when  exposed  to  the  air  and  weather. 
Slag.— The  liquid  refuse  from  a  smelting  operation,  which  floats  on  top  of 

the  metal. 
Slant— {1)  An  underground  roadway  driven  at  an  angle  between  the  full 

rise  or  dip  of  the  seam  and  the  strike  or  level.    (2)  Any  inclined  road 

in  a  seam. 
SlatU  ChiUes.— Chutes  driven  diagonally  across  a  pillar,  to  connect  a  breast 

manway  with  a  manway  chute. 
Slate.— (1)  A  hardened  clay  having  a  peculiar  cleavage.     (2)  About  coal 

mines,  slate  is  any  shale  accompanying  the  coal,  also  sometimes  applied 

to  bony  coal. 
SkUe  JHcker.—{l)  A  man  or  bov  that  picks  the  slate  or  bony  coal  from 

anthracite  coaL    (2)  A  mecnanical  contrivance  for  separating  slate  and 

coal. 
Slate  ChtUe.—{l)  A  chute  for  conveying  slate  or  bony  coal  to  a  pocket  from 

which  it  is  loaded  into  "  dumpers."    (2)  A  chute  driven  through  slate. 
Sleek  (Derbyshire).- Mud  in  a  mine. 
Sled.— A  drag  used  to  convey  coal  along  the  face  to  the  road  head  where  it  is 

loaded,  or  to  the  chute. 
Sledge.— A  heavy  double-handed  hammer. 

Sleeper  (English).— The  foundation  pieces  or  cross-ties  on  which  rails  rest. 
^eping  Tao^e  (Cornish).— A  buddle. 

Sleeve.— A  hoQow  cvlinder  fitting  over  two  pieces,  to  hold  them  together. 
iSicfcewsfdes.— Polished  surfaces  of  vein  walls. 
Slide.— Loose  deposit  covering  the  outcrop  of  a  seam. 
Slides.— See  Guides. 
Sliding  Scale.— A  mode  of  regulating  the  waives  paid  workingmen  by  taking 

as  a  bads  for  calculation  the  market  price  of  coal,  the  wages  rising  and 

falling  with  the  state  of  trade. 
Sliding  Wind  Bare  (English).— The  bottom  pipe  or  suction  piece  of  a  sinking 

set  of  pumps  having  a  uning  made  to  slide  like  a  telescope  within  it,  to 

give  length  without  altering  the  adjustment  of  the  whole  column 

of  pipes. 
Slime^  Slitdge.—(1)  The  pulp  or  fine  mud  from  a  mill  or  from  a  drill  hole. 

(2)  Silt  containing  a  very  fine  ore,  which  passes  off  in  the  water  from 

the  jigs. 
^ings. —Pieces  of  ropes  or  chains  to  be  put  around  stones,  etc.  fbr  raising 

them. 


8Up.—(l)  A  fault    (2)  A  smooth  joint  or  crack  where  the  strata  have 
£  moved  upon  each 


moved  upon  each  other. 
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8Up  Cleava^.— Microscopic  folding  and  fracture  accompanied  by  slippage; 

quarrymen's  "  felse  cleavage." 
SHL—A  snort  heading  put  through  to  connect  two  other  headings.  * 
SUtier.—See  Pick. 
Slope.— A  plane  or  inclined  roadway,  usually  driven  in  the  seam  from  the 

surface.    A  rock  slope  is  a  slope  driven  across  the  strata,  to  connect  two 

seams;  or  a  slope  opening  driven  from  the  surfiEice,  to  reach  a  seam  below 

that  does  not  outcrop  at  an  accessible  point. 
^udge.See  Slime. 
Sludger,  Sludge  Pump.— A  cylinder  having  an  upward  opening  valve  at  the 

bottom,  which  is  lowered  into  a  bore  hole,  to  pump  out  the  sludge  or  fine 

rock  resulting  from  drillings. 
Sluice.— {1)  A  long  channel  in  rock  or  built  of  timber,  with  checks  to  catch 

gold.    (2)  Any  overflow  channel. 
Sluice  Box.— A  trough  with  ripples  or  fieJse  bottom  for  catching  gold. 
Sluice  Head,  or  Head  (Australia  and  New  Zealand).— A  supply  of  1  cu.  ft.  of 

water  per  second,  regardless  of  the  head,  pressure,  or  size  of  orifice. 
Sluicing.— Ground  sluicing  is  working  gravel  by  excavating  with  pick  and 

shovel,  and  washing  the  debris  in  trenches  with  water  not  under 

pressure. 
Surry  (North  of  Wales).— Half-smelted  ore. 
Smatt.— See  Slack. 
Smeddum.—head'OTe  dust. 

SmeUing.— Method  of  extracting  a  precious  metal  ftx)m  its  ores. 
Smijl,  Snijt.—A  bit  of  touch  paper,  touch  wood,  etc.  attached  by  a  bit  of 

clay  or  grease  to  the  outside  end  of  the  train  of  gunpowaer  when 

blasting. 
Smittem.—fine  gravel-like  ore,  occurring  free  in  mud  openings,  or  derived 

from  the  breaking  of  the  ore  in  blasting. 
Smvi  (Staffordshire).— Soft,  bad  coal. 
(Snore,  Snore  Piece— The  hole  in  the  lower  part  of  a  sinking  or  Cornish  pump, 

through  which  water  enters. 
Soapstone.-A  term  incorrectly  applied  by  the  miner  to  any  soft,  unctuous 

rock. 
Socabon  (Mexican).— A  mining  tunnel;  an  adit.    Socavon  d  hilo  de  veia,—A 

drift  tunnel.    Socavon  crucero.—A  crosscut  tunnel  or  adit. 
Socket.— (I)  The  innermost  end  of  a  shot  hole,  not  blown  away  after  firing. 

(2)  A  wrought-iron  contrivance  by  means  of  which  a  wire  rope  is 

securely  attached  to  a  chain  or  block. 
Sole,  Sole  Plate.— A  piece  of  timber  set  underneath  a  prop. 
SoUnr.—A  wooden  platform  fixed  in  a  shaft,  for  the  ladders  to  rest  on. 
Sondear  (Mexican).— To  bore  for  prospecting  purposes. 
Sondeo  (Mexican).— A  borinff  for  prospecting  purposes. 
Soplete  (Mexican).— A  blowpipe.    Ensaye  al  Soplete.—A  blowpipe  assay. 
Sortino.— Separating  valuable  from  worthless  material. 
8ounding.—ll)  Knocking  on  a  roof  to  see  whether  it  is  sound  or  safe  to  work 

under.    (2)  Rapping  on  a  pillar  so  that  a  person  on  the  other  side  of  it 

may  be  signaled  to.  or  to  enable  him  to  estimate  its  width. 
Sow.—(l)  A  tool  used  lor  sharpening  drills.    (2)  Iron  deposits  at  the  bottom 

of  fiimfliC6S 
SpoK.— To  break  up  rocks  with  a  large  hammer,  for  hand  sorting. 
^all8.— The  chips  and  other  waste  material  cut  from  a  block  of  stone  in 

process  of  dressing. 
Spar.— A  name  given  to  certain  white  quartz-like  minerals,  e.  g.,  calcspar, 

feldspar,  fluorspar. 
(Spear«.— Pump-rods. 
Specimen.— A  picked  piece  of  mineral. 
Speiss.—A  baac  arsenide  or  antimonide  of  Iron,  often  containing  nickel, 

cobalt,  lead,  bismuth,  copper,  etc.,  having  a  metallic  luster  of  high 

specific  gravity  and  a  strong  tendency  toward  crystallization. 

'ier.—The  commercial  name  for  zinc. 

it  Shot— A  blast  hole  that  has  been  fired,  but  has  not  done  its  work. 

0.— The  extension  of  mineral  matter  on  the  surfitce,  past  the  ordinary 

limits  of  the  lode. 
Stoidera.— See  Drum  Rings. 
flfoie^ctewen.— Maneaniferous  white  cast  iron. 
Sjpiking  Curbs.— A  light  ring  of  wood  to  which  planks  are  spiked  when 

plank  tubbing  is  used. 
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iSjpites  (Cornish).— A  temporary  lagging  driven  ahead  on  levels  in  loose 
ground.    Snort  pieces  of  planking  sharpened  flatways,  and  used  for 
driving  into  watery  strata  as  sheath  piling,  to  assist  in  checking  the 
flow;  used  much  in  sinking  through  quicksands. 
ling.— A  process  of  timbering  through  soft  ground. 
iral  Drum.— Bee  Conical  Drum. 

int^  or  SplerU.—A  laminated,  coarse,  inferior,  dull -looking,  hard  coal,  pro- 
ducing much  white  ash,  intermediate  between  cannel  and  bituminous 
coal. 

Split.— {1)  To  divide  an  air-current  into  two  or  more  separate  currents.  (2) 
Any  division  or  branch  of  the  ventilating  current.  (3)  The  workings 
ventilated  by  that  branch.  (4)  Any  member  of  a  coal  bed  split  by  thick 
partings  into  two  or  more  seams.  (5)  A  bench  separated  by  a  consider- 
able interval  fh>m  the  other  benches  of  a  coal  bed. 

Spoil.— J)€briB  from  a  coal  mine. 

^oon.—A  slender  iron  rod  with  a  cup-shaped  projection  at  right  angles  to 
the  rod,  used  for  scraping  drillings  out  of  a  oore  hole. 

Spout.— A  short  undergrouna  i)assage  connecting  a  main  road  with  an  air- 
course. 

8praa.—{l)  A  short  wooden  prop  set  in  a  slanting  position  for  keeping  up 
the  coal  during  the  operation  of  holing.  (2)  A  short  round  piece  of  hard 
wood,  pointed  at  both  ends,  to  act  as  a  brake  when  placed  between  the 
spokes  of  mine-car  wheels.  (3)  The  horizontal  member  of  a  square  set 
of  timber  running  longitudinally  with  the  deposit. 
ragger.— One  who  attends  to  the  spragging  of  cars. 

rag  Road.— A  mine  road  having  such  a  sharp  grade  that  sprags  are  needed 
to  control  the  speed  of  the  car. 

Spreader.-A  timber  stretched  across  a  shaft  or  stope. 

Spring  Beams.— Two  short  parallel  timber  beams,  built  with  a  Ctomish  pump- 
ing engine  house,  nearly  on  a  level  with  the  engine  beam,  for  catching 
the  beam,  etc.,  and  preventing  a  smash  in  case  of  a  breakdown. 

Spring  Latch.— The  latch  or  tongue  of  an  automatic  switch,  operated  by  a 
spring  pole  at  the  side  of  the  track. 

Spring  Pole.— An  elastic  wooden  pole  from  which  boring  rods  are  suspended. 
Used  also  to  operate  a  spring  latch. 

Sprocket  Wfied  (English).— Rag  wheel.  A  wheel  with  teeth  or  pins  which 
catch  in  the  links  of  a  chain. 

Spud,  Spad.—A  horseshoe  nail  with  a  hole  in  the  head,  for  driving  into  the 
mine  timbers,  or  into  a  wooden  plug  fitted  into  the  roof,  to  mark  a  sur- 
veying station. 

Spur.—(1)  A  short  ridge  or  off^tting  pointed  branch  from  a  main  ridge  or 
mountain.    (2)  A  short  branch  or  feeder  from  the  main  lode  of  a  vein. 

Square  Set.— A  variety  of  timbering  for  large  excavations. 

Squat  (Cornish).— Tin  ore  mixed  with  spar. 

Squeeze.— See  Creep. 

Squib.— A  straw,  rush,  paper,  or  quill  tube  filled  with  a  priming  of  gun- 
powder, with  a  slow  match  on  one  end. 

Stage.— A  platform  on  which  mine  cars  stand. 

Sta^/ing.-A  temporary  flooring  or  scaffbld,  or  platform. 

Stage  Pumpina.— Draining  a  mine  by  means  or  two  or  more  pumps  placed  at 
different  levels,  each  of  which  raises  the  water  to  the  next  pump  above, 
or  to  the  surface. 

Sta{fe  Working.— A  system  of  working  minerals  by  removing  the  strata  above 
the  beds,  after  which  the  various  beds  are  removed  in  steps  or  stages. 

5totocttte».— Icicle-shaped  formations  of  mineral  matter  depending  from  roof 
strata. 

Stalagmitea.—AccnmulAiionB  of  mineral  matter  that  form  on  the  floor,  caused 
by  the  continual  dripping  of  water  impregnated  with  mineral  matter. 

StaU.—A  narrow  breast,  or  chamber. 

Stall  Oaie.—A  road  along  which  the  mineral  worked  in  a  stall  is  conveyed  to 
the  main  road. 

Stamp  MiU,  Stomps.— Machine  for  crushing  ore. 

Stanchion.— A  vertical  prop  or  strut. 

StondoflFe.— Pump  reservoir. 

Sending.— ^ot  at  work,  not  going  forwards,  idle. 

Standing  Oas.-A  body  of  firedamp  known  to  exist  in  a  mine,  but  not  in  cir- 
culation; sometimes  fenced  off. 

Standing  Sett  (English).— A  fixed  lift  of  pumps  in  a  sinking  set. 
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£Uannary.— Tin  works. 

StapU.—iX)  A  shallow  pit  within  a  mine.    (2)  An  undemxmnd  shaft. 

£torter.— A  man  who  ascends  a  chute  to  the  battery  and  starts  the  coal  to 

running:. 
Starved  (English).— When  a  pump  is  choked  at  the  brass  holes. 
Station.— A  plat  or  convenient  resting  place  in  a  shaft  or  level. 
Stave.— A  ladder  step. 

Bay  (English). —Props,  struts,  or  ties  for  keeping  anything  in  its  place. 
Steambocu  Com.— In  anthracite  only,  coal  small  enough  to  pass  through  bars 

set  6  to  8  in.  apart,  but  too  large  to  pass  through  bims  from  3|  to  5  in. 

Comparatively  few  collieries  make  steamboat  coal  except  to  fill  qpecial 

contracts  or  orders. 
Steam  Coat.— A  hard,  free-buminjg,  non-caking  ooaL 
Steam  Jet.— A  svstem  of  ventilating  a  mine  by  means  of  a  number  of  lets  of 

steam,  at  high  pressure,  kept  constantly  blowing  off  ih>m  a  series  of  pipes 

in  the  bottom  of  the  upcast  shaft. 
Sted  Mill.— An  apparatus  for  obtaining  light  in  a  fiery  mine.    It  consisted  of 

a  revolving  steel  wheel,  to  which  a  piece  of  flint  was  held»  to  produce 

sparking. 
Sted  Needie.— An  instrument  used  in  preparing  blasting  holes,  before  the 

safety  ftise  was  invented. 
Steening,  or  Steining.— The  brick  or  stone  lining  of  a  shaft 
Stemmer.—A  copper  or  wooden  bar  used  for  stemming. 
Stemming.— {1)  fine  shale  or  dirt  put  into  a  shot  hole  after  the  powder,  and 

rammed  hard.    (2)  Tamping  a  shot. 
Step  ( English)  .—(1)  The  cavity  in  a  piece  for  receiving  the  pivot  of  an 

upright  shaft,  or  the  end  of  an  upright  piece.    (2)  The  shearing  in  a 

coal  lace. 
Stint.— The  amount  of  work  to  be  done  b^  a  man  in  a  specified  time. 
IXobb.—A  long  steel  wedge  used  in  bringing  down  coal  after  it  has  been 

holed. 
Stockwork.-A  rock  run  through  with  a  number  of  small  veins  close 

together,  the  whole  of  wmch  has  to  be  worked  when  mining  su<di 

deposits. 
Stomp.— A  short  wooden  plug  fixed  in  the  roof  of  a  level,  to  serve  as  a  bench 

mark  for  surveys. 
Stone  Cboi.— Anthracite;  also  other  hard  varieties  of  coal. 
Stone  Head.— A  heading  or  gangway  driven  in  stone.    A  tunnel. 
Stone  Tt«l>&tn^.-- Water-tight  stone  walling  of  a  shaft  cemented  at  the 

back. 
Stook.—A  jAWat  of  coal  about  4  yd.  square,  being  the  last  porticm  of  a  fUll- 

sized  pillar  to  be  worked  awav  in  bord-and-piUar  workings. 
Stook-and-Feather.—A  wedge  for  breaking  down  coal,  worked  by  hTdraolie 

power,  the  pressure  being  applied  at  the  extreme  inner  end  ot  the 

drilled  hole. 
Stoop.— A  pillar  of  coal. 

Stoc^and-lioom.—A  system  of  working  coal  very  similar  to  pillar-and-stall. 
iStop.— Any  cleat  or  beam  to  check  the  descent  of  a  cage,  car,  pump  rods,  etc. 
Stope.—{l)  To  excavate  mineral  in  a  series  of  steps.    (2)  A  place  in  a  mine 

that  is  worked  by  stoping. 
Stoptnp.— Working  out  ore  between  two  levels  or  on  the  sur&oe,  by  stopes  or 

steps.    Stoping  Overfiand.— Mining  a  stope  upwards,  the  fiignt  of^  steps 

being  inverted.    Stoping  Underhand.— MiiiLng  a  stope  downwards  m 

such  a  series  that  it  presents  the  appearance  of  a  flight  of  steps. 
Stopping.— An  air-tight  wall  built  across  any  passage wav  in  a  mine. 
Stove  Coal.— In  anthracite  only;  two  sizes  of^ stove  coal  are  made,  large  and 

small:  large  stove,  known  as  No.  3,  passes  through  a  2i"  to  2^' medi 

and  over  a  If"  to  li"  mesh;  small  stove,  known  as  No.  4,  pcisses  through 

a  ly  to  If"  mesh  and  over  a  If  to  V  mesh.    Only  one  size  of  stove  omI 

is  now  usually  made.    It  passes  through  a  2f'  square  mesh  and  over  1|^ 

square  mesh. 
Stove  Up,  or  Stoved.—Vpset.  When  a  rod  of  iron  heated  at  one  end  is  bus* 

mered  endwise  the  diameter  of  that  end  is  enlaiged,  and  it  is  said  to  be 

upset. 
Stow.— To  pack  away  rubbish  into  goaves  or  old  workings. 
Stowcc.— (1)  Windlass.    (2)  Landmarks. 
Stowing. — The  debris  of  a  vein  thrown  back  of  a  minsr  aoA  which  lopports 

the  roof  or  hanging  wall  of  the  excavation. 
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StraigJU  Ends  and  WdU8,—JL  syfltem  of  working  coal  somewhat  ttmllar  to 

bcmi-and'piBar.    Btrairht  ends  are  headings  firom  4  ft  6  in.  to  6  ft.  in 

width,    walls  are  pillars  80  fl.  wide. 
Straight  Work.^A  system  of  getting  coal  by  headings  or  narrow  work. 
Strtike.^A  slightly  inclined  table  for  separating  heavier  minerals  from 

lighter  ones. 
Sih-o<i7!ca<ion.— Arrangement  in  layers. 

Stratum  (plnral,  strata).— A  layer  or  bed  of  rocks,  or  other  deposit. 
Streak.— The  color  of  the  mark  made  when  a  mineral  is  scratched  against  a 

white  Burhkce. 
Strett.— The  system  of  getting  coal  by  headings  or  narrow  work.    See 

Bord-and- Pillar. 
Strike  (of  a  seam  or  rein).~The  intersection  of  an  inclined  seam  or  a  yein 

with  a  horizontal  plane.    A  level  course  in  the  seam.    The  direction  of 

strike  is  id  ways  at  nght  angles  to  the  direction  of  the  dip  of  the  seam. 
Strike  Joints.— JomtB  or  cleavages  that  are  parallel  to  the  strike  of  the  seam. 
Striking  l>«a{.— Planks  fixed  in  a  slopinjg  oirec^n  Just  within  the  mouth  of 

a  snaft,  to  guide  the  tub  to  the  surface. 
Stringer  (English).— Any  longitudinal  timber  or  beam. 
Stringpump.—A  system  of  pumping  whereby  the  motion  of  the  engine  is 

transmitted  to  the  pump  by  timbers  or  stringers  bolted  together. 
String  Rods.— A  line  of  surface  rods  connected  rigidly  for  the  transmission 

of  power;  used  for  operating  small  pumps  in  adjoining  shafts  from  a 

central  station. 
Strip.— {1)  To  remove  the  overlying  strata  of  a  bed  or  vein.    (2)  Mining  a 

depofflt  by  first  taking  ofl'the  overlying  material. 
SlJrtrf  (EngUsh).— A  prop  to  sustain  compr^sion,  whether  vertical  or  inclined. 
Struve  VentUator.—A  pneumatic  ventilating  apparatus  consisting  of  two 

vessel-like  gas  holders,  which  are  moved  up  and  down  in  a  tank  of 

water.    By  this  means,  the  air  is  sucked  out  of  the  mine  as  required. 
Studdle.—A  piece  of  squared  timber  placed  vertically  between  two  sets  of 

timber  in  a  shaft. 
StvU.— A  jposX  for  supporting  the  wall  or  roof  in  a  mine;  a  prop  timber. 
Stamp.— The  pillar  between  the  gangway  and  each  room  turned  off  the  gang- 
way.   Sometimes  the  entry  pillars  are  called  stumps. 
Stumping.— A  kind  of  pillar-and-stall  plan  of  getting  coal. 
Stup.— Powdered  coke  or  coal  mixed  with  clay. 
Sturt.—A  tribute  bargain  profitable  to  the  miner. 
Stuttle,  or  Sprag.— The  horizontal  member  of  a  square  set  of  timber  running 

longitudinally  with  the  deposit. 
Stythe.—CB,tbonic-a.cid  gas  (blackdamp). 
Sucker  Rod.— The  pump  rod  of  an  oil  or  artesian  well. 
Suction  Pump  (English).— A  pump  wherein,  by  the  movement  of  the  piston, 

water  is  drawn  up  into  the  vacuum  caused. 
Sulphur.— {1)  One  of  the  elements.    (2)  Iron  pyrites. 
Sumhuret.—See  Sulphide. 

Su^Mde.—A  combination  of  sulphur  and  a  base. 
Sump,  or  Sumpt.—A  catch  basin  into  which  the  drainage  of  a  mine  flows  and 

from  which  it  is  pumped  to  the  surface. 
Surface  Deposits.-Those  tnat  are  exposed  and  can  be  mined  fh)m  the  surface. 
Swab  Stick.— A  short  wooden  rod,  bruised  into  a  kind  of  stumpy  brush  at  one 

end,  for  cleaning  out  a  drill  hole. 
SwaUy,  or  SweUy.—A  trough,  or  svncline,  in  a  coal  seam. 
Swamp.— A  depression  or  natural  hollow  in  a  seam.    A  basin. 
Sweeping  Table.— A  stationary  huddle. 
Sweet.— Free  troia.  deleterious  gases. 
Sweet  Roast.— To  roast  dead  or  completely. 
Swing.-The  arc  or  curve  described  by  the  point  of  an  instrument,  sach  as  a 

jack  or  hammer,  when  being  used. 
Swinging  Pto/e.— Amalgamated  copper  plates  hung  in  sluices,  to  catch  float 

SwiKh.—{V)  The  movable  tongue  or  rail  by  which  a  train  is  diverted  troxn. 

one  track  to  another.    (2)  The  junction  of  two  traclu.    (3)  A  movable 

arm  for  changing  the  course  of  an  electrical  current. 
Switchboard.— A  board  where  several  electrical  wires  terminate,  and  where, 

by  means  of  switches,  connection  may  be  established  between  any  of 

these  wires  and  the  main  wire. 
8wither,—A  crevice  branching  fh>m  a  main-lead  lode. 
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SyncUnai  Axis.^The  line  or  course  of  a  syncline. 

8t/ncHne.—The  point  or  axis  of  a  basin  toward  which  the  strata  upon  either 
side  dip.   An  inverted  anticline.    A  basin. 

Tsokle  (English).— (1)  Ropes,  chain,  detaching  hooks,  cages,  and  all  other 
apparatus  for  raising  coal  or  ore  in  shafts.  (2)  Any  rope  for  hoisting,  as 
a  tackle  rope,  block  and  tackle,  etc. 

Tahona  (Mexican).— An  arrastre  moved  by  water-power.  ShAon^ro.— The 
man  in  charge  of  the  tahona. 

Tail-Back.— yfhen  the  firedamp  ignites  and  the  flame  is  elongated  or  creeps 
backwards  against  the  current  of  air,  it  is  said  to  tail-back. 

Tht^'n^.— The  blossom;  the  outcrop  or  smut. 

Tailings,— The  detritus  from  reduction  or  gold-washing  machinery. 

Tan-Pipe.— The  suction  pipe  of  a  pump. 

Tailrace.—The  channel  along  which  water  flows  after  it  has  done  its  work. 

Tail-Eop€.—{l)  In  a  tail-rope  system  of  haulage,  the  rope  that  is  used  to 
draw  the  empties  back  mto  the  mine.  (2)  A  wire  rope  attached  beneath 
cages,  as  a  balance. 

Tail-Rope  System  of  Haulage.— A  haulage  system  in  which  the  Aill  trip  is 
drawn  out  by  the  main  rope,  and  the  empty  trip  is  drawn  in  by  the  tail- 
rope,  these  ropes  being  attached  to  the  opposite  ends  of  the  trip  (see 
page  400). 

TailrSheave.— The  sheave  at  the  inbye  end  of  any  haulage  system.  See  Turn 
Pulley. 

Take  the  Air.—{1)  To  measure  the  ventilating  current  (2)  Applied  to  a 
ventilating  fan  as  working  well,  or  working  poorly. 

TnUadro  ( Mexican)  .—A  drill  for  mechanical  or  mining  purposes.  Taladrar.— 
To  bore  or  drill. 

Tally. —(1)  A  mark  or  number  placed  by  the  miner  on  every  car  of  coal  sent 
out  of  his  place,  usually  a  tin  ticket.  By  countinfi"  these,  a  tally  is  made 
of  all  the  cars  of  coal  he  sends  out.  (2)  Any  numbering,  or  counting,  or 
memorandum,  as  a  tally  sheet. 

Tamp.— To  All  a  bore  hole,  after  inserting  the  charge,  with  some  substance 
which  is  rammed  hard  as  it  is  put  into  the  hole.  Vertical  holes  are  often 
tamped  with  water,  when  blasting  with  dynamite. 

Tam,ping.— The  process  of  stemming  or  filling  a  bore  hole. 

Tamping  Bar.— A  copper-tipped  bar,  for  ramming  the  tamping  or  stem- 
ming. 

Tanates  (Mexican).— Leather,  hide,  or  jute  bags,  to  carry  ore  or  waste  rock 
within  or  out  of  a  mine.    Tanatero.—K  laborer  or  bag  carrier. 

Tap.—{\)  To  cut  or  bore  into  old  workings,  for  the  purpose  of  liberating  accu- 
mulations of  gas  or  water.  (2)  To  pierce  or  open  any  gas  or  water 
feeder.    (3)  To  win  coal  in  a  new  district. 

Tapeiile  (Mexican).— A  working  platform  or  stage  built  up  in  a  stope  or  any- 
where in  a  mine;  a  landing  place  between  two  flights  of  ladders. 

Teem.— To  pour  or  tip. 

Teeming  Trough.— A  trough  into  which  the  water  fh)m  a  mine  is  pumped. 

Telegraph.— A  sheet-iron  trough-shaped  chute,  for  conveying  coal  or  slate 
from  the  screens  to  the  pjockets,  or  boilers. 

TeUurides.—Ores  of  the  precious  metals  (chiefly  gold)  containing  tellurium. 

Temesquitale  (Mexican).— The  earthy  part  of  ground-up  ore. 

Temper.— {1)  To  change  the  hardness  of  metals  by  first  heating  and  then 
plunging  them  into  water,  oil,  etc.  (2)  To  mix  mortar,  or  to  prepare 
clay  for  bricks,  etc. 

Tempering.— The  act  of  reheating  and  properly  cooling  a  bar  of  metal  to  i^y 
desired  degree  of  hardness. 

Temper  Screw.— In  rope  drilling,  a  screw  for  gradually  lowering  the  clamped 
(upper)  end  of  the  rope  as  the  hole  is  deepened. 

Tenon.— A  projecting  tongue  fitting  into  a  corresponding  cavity  called  a 
mortise. 

Tentadura  (Mexican).— An  assay  made  in  a  horn  spoon,  an  earthen  saucer, 
or  in  a  wide  and  shallow  vessel  of  any  kind,  to  ascertain  the  amount  of 
amalgam  present  in  a  sample  of  argentiferous  mud  from  an  anudgama- 
ting  patio.  Any  assay  made  by  washing  so  as  to  concentrate  the 
metallic  portions  of  any  mineral,  and  to  cause  the  earthy  portions  to  be 
floated  off. 

Tepetate  (Mexican).— Any  rock  or  earth  found  in  a  mine,  which  does  not 
contain  the  metal  sought  for. 
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Tequio  (Mexican).— A  task  set  for  a  drillman  or  for  any  laborer  in  a  mine,  to 

be  regarded  as  a  day's  work. 
Terrace.— K  raised  level  bank,  such  as  river  terraces,  lake  terraces,  etc. 
Terrero  (Mexican).— The  dump  of  a  mine. 
3^.— (1)  A  trial  of  an  engine,  Dan,  or  other  appliance  or  substance.    (2)  An 

iron  framework  that  is  filled  with  bone  ash  for  cupeling  on  a  large  scale. 
TheodoUte.^Axi  instrument  used  in  surveying,  for  taking  both  vertfoal  and 

horizontal  angular  measurements.    An  engineer's  large  transit,  with 

attachments. 
rWB.— See  Floor. 
Thimble.— iX)  A  short  piece  of  tube  slid  over  another  piece,  to  strengthen  a 

Joint,  etc.    (2)  An  iron  ring  with  a  groove  around  it  on  the  outside,  used 

as  an  eye  when  a  rope  is  doubled  about  it. 
TAirt.— See  CroBicut, 
Through-and'Throtigh.—A  system  of  getting  bituminous  coal,  without  regard 

to  the  size  of  the  lump. 
Throw.— (1)  A  fault  of  dislocation.    (2)  The  vertical  distance  between  the 

two  ends  of  a  faulted  bed  of  coal. 
TArotwi.— Faulted;  broken  bv  a  fault. 
Thrust— Cieep  or  squeeze  due  to  excessive  weight,  hard  floor,  and  too 

small  pillars. 
Thurl  (Stafrordshire).~To  cut  through  from  one  working  into  another. 
Ticketing.— EngliBh  periodical  markets  for  the  sale  of  ores. 
TiC'Back.—il)  A  beam  serving  a  purpose  similar  to  a  fend-off  beam,  but 

fixed  at  the  opposite  side  of  the  shaft  or  inclined  road.    (2}  The  wire 

ropes  or  stayrods  which  are  sometimes  used  on  the  side  or  the  tower 

opposite  the  hoisting  engine,  in  place  of  or  to  reenforce  the  engine 

braces. 
Tierras  (Spanish).— Earth  impregnated  with  mercury  ore. 
Tierras  de  Labor  (Mexican).— Dirt  from  a  stope,  mixed  with  particles  of  ore. 
Tierroi  de  Uunque  (Mexican).— Chips  made  in  breaking  and  sorting  ore. 
Tt^.— Calcite  or  carbonate  of  lime. 
Tvmber.—{1)  Props,  bars,  collars,  legs,  laggings,  etc.    (2)  To  set  or  place 

timber  in  a  mine  or  shaft. 
Timberer,  Timberman.—A  man  who  sets  timber. 
Time.—{1)  Hours  of  work  performed  by   workmen.     (2)  To  count  the 

strokes  of  a  pump  or  revolutions  of  an  engine  or  &n. 
Tin-Can  Safety  Lamp.— A  Davy  lamp  placed  inside  a  tin  can  or  cylinder 

having  a  glass  in  front,  air  holes  near  the  bottom,  and  open-topped, 

making  the  lamp  safer  in  a  rapid  current  of  air. 
Tin-WitU  (Cornish).— Product  of  first  dressing  of  tin  ores,  containing,  also, 

wolfrum  and  sulphides. 
Tip.— A  dump.    See  Tipper,  or  Tipple. 
Tipper,  or  Tifwle.—An  apparatus  for  emptying  cars  of  coal  or  ore,  by  turning 

them  ui>siae  down,  and  then  bringing  them  back  to  original  position, 

with  a  minimum  of  manual  labor. 
Tipple.— The  dump  trestle  and  tracks  at  the  mouth  of  a  shaft  or  slope,  where 

the  output  of  a  mine  is  dumped,  screened,  and  loaded. 
Tiro  (Mexican).— A  mining  shaft.    Tiro  Vertical.— A  vertical  shaft. 
Token.— (1)  A  mutually  understood  mark  placed  upon  a  bucket  of  ore  when 

it  is  hoisted  or  lowered  into  a  shaft,  to  acquaint  the  lander  or  filler  of 

some  important  matter.    (2)  A  piece  of  leather  or  metal  stamped  with 

the  hewer's  or  putter's  number  or  distinctive  mark,  and  feustened  to  the 

tub  he  is  filling  or  putting. 
Tbn.— A  measure  of  weight.    Long  ton  is  2,240  lb.;  short  ton  is  2,000  lb.; 

metric  ton  is  1,000  kilograms  =  2,204.6  lb. 
Tbp.- (1)  See  Roqf.    (2)  Top  of  a  shaft;  surface  over  a  mine. 
2V^.— A  kind  of  brace  head  screwed  to  the  top  of  boring  rods,  when  with- 
drawing them  from  the  hole. 
Torta  (Mexican).— A  pie  or  cake;  the  heaps  of  argentiferous  mud  that  are 

treated  in  the  patio  process  of  amalgamation. 
Tban'n^.— Shaking  powdered  ore  in  water,  to  effect  separation  of  heavy  and 

light  particles. 
Tovera  (Mexican).— The  tuyere  of  a  smelting  fUmace. 
IVocfc.- Railways  or  tramways. 
Tracking.— Wooden  rails. 
Train  Boy.— A  boy  that  rides  on  a  trip,  to  attend  to  rope  attachments,  signal 

in  case  of  derailment  of  cars,  etc.    Trip  rider. 
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Train,  or  3Wp.— The  can  taken  at  one  time  \gf  nrales,  or  l^  an/  motor,  or 

run  at  one  time  on  a  slope,  plane,  or  sprag  road,  always  togetner. 
Tram,-— A  mine  car,  or  the  track  on  which  it  runs. 
TVammer.— One  who  pushes  cars  along  the  track. 
Tyamroad.~~K  mine  track  or  railroad. 
Tram  Rope.— A  hauling  rope,  to  which  the  ears  are  attached  hy  a  clip  or 

chain,  either  singly  or  in  trips. 
Tramway.— X  small,  roughly  constracted  iron  track  fbr  running  wagons  or 

trucks  on. 
Transfer  Carriage.— Hovahle  platform  or  truck  used  to  transfer  mine  cars 

fram  one  track  to  another. 
Transome  ( English ).~ A  heayy  wooden  bed  or  supporting  piece. 
Trap.— (1)  A  steep  heading  along  which  men  traTel.    (2)  A  ikult  of  dislo- 
cation.   (3)  An  eruptive  rock.    (4)  A  dangerous  place. 
Trap  Door.— A  small  door,  kept  lockedf,  fixed  m  a  stopiug,  for  giving  access 

to  firemen  and  certain  others  to  the  return  airways,  dttns,  or  other 

unused  portions  of  the  mine. 
Trap  Dike.- A  fault  (not  necessarily  accompanied  by  dimlacement  of  strata) 

in  which  the  spaces  between  the  finactured  edges  of  the  beds  are  filled  up 

by  a  thick  wall  of  igneous  rock. 
Traptche  (Spanish).— A  primitive  grinding  mill. 
Trapper.— A  boy  employed  underground  to  tend  doors. 
Traveling  Road.— An  underground  passage  or  way  used  expressly,  though 

not  always  exclusively,  for  men  to  travel  along  to  and  from  their  woo- 
ing places. 
Treenail.— A  lone  wooden  pin  for  securing  planks  or  beams  together. 
Trdooibing  (Cormsh).— Stirring  tin  slimes  in  water. 
Trend.— The  course  of  a  vein,  fault,  or  other  feature. 
Tribute.— A  method  of  working  mines  by  contract,  whereby  the  minets 

receive  a  certain  share  of  the  products  won.    TrUmters.—^in&B  paid 

by  results. 
Trig.— A  sprag  used  to  block  or  stop  a  wheel  or  any  machinery. 
Trula  (Mexican).— The  same  as  Torta. 
Trip.— The  mine  cars  in  one  train  or  set.    See  Trcdn. 
Tnple-Entry  System.— A  system  of  opening  a  mine  by  driving  three  paraHel 

entries  mr  the  main  entries. 
Triturate.— To  grind  or  pulverize. 
Trolley.—{l)  A  small  four-wheeled  truck,  used  Ibr  carrying  the  ore  bucket 

underground.    (2)  An  electric  motor.    (3)  The  arm  of  a  motor  that  con> 

ducts  tne  electric  current  from  the  wire  anove  the  track  to  the  machine. 
Trommel.— A  drum,  consisting  of  a  cylinder-  or  cone-shaped  sheet-iron 

mantle  (generally  punched  with  holes)  that  revolves;  used  for  washing 

or  sorting  ores. 
Trompa  (Mexican).— A  fUnnel-shax)ed  mouthpiece  of  cooled  slag  that  fbrms 

within  a  smelting  fUmace  over  the  tuydre  opening. 
Trompe.— An  apparatus  for  producing  ventilation  by  uie  ftkU  of  watw  down 

a  shaft. 
Trouble.- A  dislocation  or  fault:  any  irregularity  in  the  bed. 
Troitgh  Fault.- A  wedge-shaped  fault,  or,  more  correctly,  a  mass  of  rock, 

coal,  etc.  let  down  in  between  two  faults,  which  nults,  however,  are 

not  necessarily  of  equal  throw. 
Troughs,  or  Thirling.— A  passage  cut  through  a  pillar  to  connect  two  rooms. 
TYuck.-Vsed  synonjrmously  with  Barney. 
Truck  System.— Paying  miners  in  food  instead  of  money. 
TrunntoTM.— Cylindrical  projections  or  journals,  attached  to  the  stdes  of 

a  vessel,  so  that  it  can  rotate  in  a  vertical  plane. 
Trying  the  Lamp.— The  examination  of  the  flame  of  a  saf^  lamp  fbr  the 

purpose  of  forming  a  judgment  as  to  the  quantity  of  firedamp  ndzed 

with  the  air. 
Tub.—m  A  mine  car.    (2)  An  iron  or  wooden  bairel  used  in  a  shaft,  fbr 

hoisting  material. 
roftWna— Cast  iron,  and  sometimes  timber,  lining  or  walling  of  a  drcnlar 

shaft. 

Tubbing  Wedges.— Sm&U  wooden  wedges  hammered  between  the  Joints  of 

tubbing  plates. 
Tubing.— Iron  pipes  or  tubes  used  for  lining  bore  holes,  to  prevent  caving. 
Tumbar  (Mexican).— To  knock  down  ore,  etc. 
Tumbe  ( Mexican).— The  act  of  knocking  down  and  taUng  out  we. 
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TutuitL—i.  hDrlvmlal  pMBwe  driven  uenw  the  meaauto  and  open  tod»  it 

both  ends;  applied  also  co  siich  pasBagCB  open  to  day  at  only  oae  end,  or 

not  open  to  day  at  either  end. 
Turborv-— A  peat  bog. 
Tur&in&— A  rapidly  revolving  water  w bee!,  Impelled  by  the  preanue  of  water 

upon  blades. 
Turn,— (1)  The  houreduilnH  which  coal,  etc.  la  being  raised  ftom  the  mine. 

(2)  See  SAt/I.    (3|  To  open  rooms,  headinga,  or  ehulee  off  from  an  entry 

otgangway.    (4)  The  numbur  of  carsalluwed  each  miner. 
Tumoirf.— A  afdlnB  or  paaglng  on  any  tram  or  hanloge  road. 
Turn  PuUeD.—K  Btieave  Hied  at  the  Inside  end  ofan  endlew-  or  toll-rope 

i,=„ii^g  plane,  around  which  tbe  rope  retoriis.    See  Taii-Sheave. 

-Arevo--         '  -■■  ^-  ■  .... 

around. 

TW  (fort.— Breaking  ground  at  ao  much  per  foot  or  bthom. 
I\ijlir«,— The  tubee  through  which  air  Is  forced  inKi  a  Aimoce. 
Tuv-7Arou>.— When,  In  alnklixg,  a  depth  of  about  12  It.  bai  beeD  i«aehed,  and 

the  debris  haa  to  be  raised  to  the  aurtbce  by  two  lUU  or  throwi  with  the 


— Illty.— When  one  layer  of  rock,  reiOng  on  another  Uy«c,  do«a  not 
eapondtn  Ita  angle  of  beddlne. 

Ml.— An  alr-courae  carried  under  another  alr^iouiiB  or  roadway. 
vnaeraay.—K  bed  of  fireclay  or  other  lem  clayey  atratum,  lying  ImmedlatelT 

beneath  a  seam  of  coal. 
.r.  J.. .. .     n,.  ..  portion  of  the  bottom  of  the  bed  or  theunder- 

a1  or  roiDcral  can  be  wedged  or  blasted  down, 
ig  Underhand. 
1  rilling  downwarda. 

>  mine  out  a  portion  of  the  bottom  of  a  leam 
)r  powder,  thua  leaving  the  lop  unaupported 
'n  by  Bholi,  broken  down  b;  wedgea,  or  mined 

:llnatlonof  a  lode  at  right  angles  to  Ita  course, 

Inlnalde  fbreman. 

l£  1<  of  whatever  ton  la  uaed.  Oeaerolly,  the 
0  lb.,  la  employed,  but,  when  dealing  wltb 
copper  orea.  the  21-owt.  ton  of  2,352  lb.  Is  taken:  therefore,  the  letpectlve 
niata  ore  22.4  lb.  and  2S.62  lb.  (F.  Danvora  Powers}.  (2)  Ores  ale  quoted 
at  a  certain  price  per  unit  or  per  cent,  of  valuable  material  In  tbe  ore. 
If  an  Iron  ore  conlaius  40^  of  metallic  iron  that  ii  worth  5  centi  per  unit, 
the  value  of  the  ore  la  t2  per  ton. 
fntniler.- To  drain  or  pump  the  water  from 

BwmI.— The  abaft 

tVralM.— An  auxll 

O^roa.—i.  fault  in  whii^  the  displacement  hAa  bten  upward. 

V«^r  (Ueiican).— Sleam:  heated  and  stinking  gw  sometlnua  found  In 
mines,  which  causes  candles  to  bum  dimly  and  go  out, 

Fofu  (Meilcan).— A  reverberatoiy  (Uriiace  used  for  smelting  rich  ore,  or  itn 
cupeling  silver. 

VW,— Large  wooden  tub  used  tor  leaching  or  precipitation. 

Fetn.— See  Lode.  OHen  applied  Incorrecfly  to  a  seam  or  bed  of  coal  or  other 
mineral. 

VeiniUme.—tb.e  non'melalllc  portion  of  a  vein  ssnclated  with  Ihe  ore. 

Vena  (Mexican).— A  thin  vein,  not  over  S  In.  thick— a  knife-blade  vein, 

Vead  jNorthof  England).— Total  sales  of  cool  from  a  mine. 

V'eni,  or  Vent  HoU.—{l)  A  small  pasage  made  with  a  needle  throng  the 
tamping,  which  la  uacd  for  admitting  a  squib,  In  enable  the  charge  to  be 
lighted,    (2)  Any  opening  ma-*-  '" "—• ' 

Ve^Uotins  Catamn.-See  Moliiie  G 


Mctlon  of  the  air  In  mines;  the  unit  of  ventilating  pressure 

It,  of  area  multl^led  by  the  area  of  the  airway. 

.— droulation.   The  atmospbeile  ^r  diculating  In 
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VenUUUor.^Any  means  or  apparatus  for  producing  a  current  of  air  in  mine 

or  other  airways. 
Vettry  (North  of  laigland}.— A  reflise. 
Veta  (Mexican).— A  metalliferous  vein  of  rock;  a  true  fissure  vein.    Loosely, 

any  mineral  deposit.     Veta  Clavada.—X  vertical  vein.   Veta  Echada.— An 

inclined  vein.     Veta  Serpentetida.^A  vein  with  frequent  changes  of 

direction  or  course.   Veta  Socia.—\  vein  that  joins  another.    Veta  EamaL 

—A  branch  vein.    Veta  Recostada.^An  inclined  vein. 
FietwT.— The  general  manager  or  mining  encilneer  of  one  or  more  collieries, 

who  has  control  of  the  whole  of  the  underground  works,  and  also  gen« 

erally  of  those  on  the  surface. 
Hnncy. —Ctopper  ore  with  green  efflorescence. 
Vtielta  (Mexican).— In  refining  silver,  the  moment  when  all  impurities  have 

been  removed  firom  the  silver  under  treatment. 
Fttflr,  or  Viigh  (Cornish).— A  cavity  in  the  rock. 

Wsfsn.~A  mine  car. 

Wagon  Brea9t.—\  breast  in  which  the  mine  oars  are  taken  up  to  the 

working  face. 

WaUina.—ncklng  stones  and  dirt  fh>m  among  coals. 

Wale  (North  of  England).— Hand-dressing  coal. 

Walking  Bcom.— See  Working  Beam. 

Wall.—ii)  The  foce  of  a  long  wall  working  or  breast.  (2)  A  rib  of  solid  ooal 
between  two  breasts. 

WaUing.—&ee  Steening. 

WaUing  CH6«.— Oak  cribs  or  curbs  upon  which  walling  is  built 

WaUing  Stage.— A  movable  wooden  scafibld  suspend^  fh)m  a  crab  on  the 
sumce,  upon  which  the  workmen  stand  when  walling  or  lining  a  shaft. 

Wall  PUUes.— The  two  longest  pieces  of  timber  in  a  set  used  in  a  rectan- 
gular  shaft. 

>rar7»er«.— Apparatus  consisting  of  a  variety  of  delicately  constructed 
machines,  actuated  hy  chemical,  physical,  electrical,  and  mechanical 
properties,  for  indicating  the  presence  of  small  quantities  of  firedamp  in 
the  mines.  At  present,  most  of  these  ingenious  contrivances  are  more 
suited  to  the  laboratory  than  for  practicarapplication  underground. 

Warning  Lamp.— A  safety  lamp  fitted  with  certain  delicate  apparatus,  for 
indicating  very  small  proportions  of  firedamp  in  the  atmosphere  of  a 
mine.    As  small  a  quantity  as  d^  can  be  determined  by  tiiis  means. 

Wash.— Dritt,  clay,  stones,  etc.  overlying  the  strata. 

Washer.— A  Ug. 

Wash  Dirt.— Tn&t  portion  of  alluvial  working  in  which  most  of  the  gold  is 
found. 

Wash  FauU.—A  portion  of  a  seam  of  coal  replaced  by  shale  or  sandstone. 

Washing  Apparaius,  or  Washery.—{1)  Machinery  and  appliances  erected  on 
the  surface  at  a  colliery,  generally  in  connection  with  coke  ovens,  for 
extracting,  by  washing  with  water,  the  impurities  mixed  with  the  coal 
dust  or  small  slack.  (2)  Machinery  for  removing  impurities  from  small 
sizes  of  anthracite  coal. 

Washout— T\iQ  erosion  of  an  appreciable  extent  of  a  ooal  seam  by  aqneoua 
agency. 

Wash  Place.— A  place  where  the  ores  are  washed  and  separated  fix>m  the 
waste,  usually  applied  to  places  where  the  hand  Jigs  are  used. 

Waste.— iX)  See  Ooaf.  (2)  Very  small  coal  or  slack.  (3)  The  portion  of  a 
mine  occupied  by  the  return  airways.  (4)  Also  used  to  denote  the 
spaces  between  the  pack  walls  in  the  gob  of  longwall  working.  (5)  Refbse 
material. 

Waste  Oate  (Enrflsh).— A  door  for  regulating  discharge  of  surplus  water. 

Water  BlaM.—Tae  sudden  escape  of  air  pent  up  in  rise  workings,  under  con- 
siderable pressure  &om  a  head  of  water  that  has  accumulated  in  a 
connecting  shaft. 

Water  Cartridge.— A  waterproof  cartridge  surrounded  by  an  outer  case. 
The  spaco  between  being  filled  with  water,  which  is  employed  to 
destroy  the  flame  produced  when  the  shot  is  fired,  thereby  lessens  the 
chance  of  an  explosion  should  gas  be  present  in  the  place. 

Water  Gauge.- An  Instrument  for  measuring  the  pressure  per  square  foot 
producing  ventilation  in  a  mine. 

Water  Hammer.-The  hammering  noise  caused  by  the  intermittent  eacape 
of  gas  through  water  in  pipes. 


W*T  SLO^ABY.  WoF  621 

WaUT~Jaebt.—k  Jacket  filled  with  water,  tokeepooolaRyllndeiorftiniwM. 
Waler  LmeC— An  ubdersround  passage  or  headJDg  driven  very  Dearly  dead 

level  or  with  eufficlent  grade  only  to  drain  aft  uie  water. 
Water  Right.— Tbe  privil^O  of  taking  a  certain  quantity  of  wat«r  ftom  a 


!riA«i.— The  elevated  land  or  rldee  that  divides  drainage  areas. 

__.,.,,.. — 1,...,      ^ 1_.   — ^-iraliot,  breajt  wheels.    A  wheel  pro- 
motion by  the  weight  or  Impact  of  a 
Weaker.— To  crumble  by  exposure  to  the  atmosphere. 


Weather  Door.— See  Trap  Door. 


-9e  of  heing  holed  and  broken  down 

east  or  face  brought  down  by  one  mining. 
■  wood,  used  to  render  the  shaTl  lining 

»ood  or  east  iron  wedged  tightly  in  place 
water-dght  foint  and  upon  whicli  tubbing 

the  coal  at  (he  face  with  hanuners  and 


1.  rope,  rubber,  lead,  e 


illing  tiiem  togetbt 


deepest  lying  portfon  or  hollow  in 
ip,  or  a  brBDCh  from  the  Btunp. 


Lcn  coal,  ore,  waier,  etc,  are  raisea  irom  a 

IFAin.— A  hard,  compact  rock. 

Whin  milt.— A  fault  or  Bssure  tilled  with  whin  and  the  d^briB  of  other 

roeks,  sometimes  accompanied  by  a  dlalocation  of  (he  strata, 
irup.— A  hoisting  appliance  conslBting  of  a  palley  supporting  the  hoisting 

rope  to  which  the  horse  Is  directly  attached. 
WlateCUanp.—Ce,rlMaia  oxide  (CO).    A  gaa  found  in  coal  mines,  genenilly 

where  ventilation  is  slack.    A  product  of  slow  combustion  in  a  limited 

supply  of  air.    It  bums  and  will  support  combuBttoH.    H  la  eitremely 

ir/jn?n^ThH  commercial  name  tor  melallle  tin. 

WHUt.—See  Ttn-WiOi. 

Whole  Worlcing.~Tht  first  working  of  a  seam,  which  divides  it  Into  pUlars. 

WUd  Z«ad,— Zinc-blende. 

wad  Root.— Any  rock  not  Bt  for  commercial  slate. 

IFfn.— To  alnk  a  shaft  or  slope,  or  drive  a  drift  to  a  workable  seam  of  mineral 

in  such  a  manner  as  to  permit  its  being  succeBEfUUy  worked. 
Winnh.  or  WimUats.—Ji.  hoisting  machine  conststlng  of  a  horlional  dmm 

operated  by  crank-arm  and  manual  labor. 
Wind  Bore  (England),— The  bottom  or  auction  pipeofallftof  pumps,  which 

has  suitable  brass  holes  or  perforations  fhr  suction  Of  wal«r  or  air. 
Wind  Oau^.—An  anemometer,  for  testing  the  velocity  of  air  in  mines. 
WiwHns.— The  operation  of  raising  or  hauling  by  means  of  a  steam  engine 

andropee,  the  product  of  a  mine. 
Winding  Bnoina,— Hoisting  or  haulage  enfdnee. 
Wind  Mfthod.—A  ^stem  of  separating  coallnto  various  sizes,  and  extracting 

(he  dirl  tnan  It,  which  In  principle  depends  on  the  speclBc  gravity  or 

size  of  the  coal  and  the  strength  of  the  current  of  air. 
ICind  5at/.— The  lop  part  of  canvas  piping,  which  is  used  for  conreylngalr 

down  shallow  ahafts. 
Wing  Sort.— A  side  or  Sank  bore  bole, 
innss.— See  Resfs  and  Kemi. 
Winning.— A  sinking  ahan,  anew  coal.  Ironstone,  clay,  shale,  or  other  mln« 

of  straOfled  material,    A  working  place  in  a  mine. 
WlnnDaing  GoM.— Alr-blowlng.   Toreing  up  dry  powdered  auriferous  mate- 
rial in  the  air.  and  calchlne  the  heavier  partlclea  not  blown  away. 
tTtnM,— Interior  shaft  connecong  levels,  sometimes  used  as  an  ore  cbuta. 
llVm.— Proved,  sunk  lo,  and  tested. 
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622  Worn  BlOaaAMr,  Zqh 

YForL— (1)  1V>  mine.    (2)  Applied  to  mine  working  when  affected  by  aqueeie 

or  creep. 
Workable.— Any  seam  that  can  be  profitably  mined. 
Worked  Ou^.— When  all  available  mineral  has  been  extracted  from  a  mine,  it 

is  worked  out. 
TToribin^.— Applied  to  mine  workings  when  squeezing. 
Working  Borrei.— The  water  cylinder  of  a  pump. 
Working  Beam  (English).— A  beam  having  a  vertical  motion  on  a  rock  shaft 

at  its  center,  one  end  being  connected  with  the  piston  rod  and  the  other 

with  a  crank  or  pump  rod,  etc. 
Working  Cost.— The  total  cost  of  producing  the  mineral. 
Working  /Vmjc.— See  Fhce. 
Working  ifo^ne.— Getting  or  working  out  a  seam  of  coal,  etc.,  from  the 

boundary  or  £a,r  end  of  the  mine  toward  the  shaft  bottom. 
Working  on  Air.— A  pump  works  on  air  when  air  is  sucked  up  with  the 

water. 
Working  Out.— Working  outwards  or  in  the  direction  of  the  lx>undarie8  ol 

the  collieries. 
Work^  JHace.— The  actual  place  in  a  mine  at  which  the  coal  is  being  mined. 
Workings.-The  openings  of  a  colliery,  including  all  roads,  ways,  levels, 

dips,  airways,  etc. 
Work  Lead.—B&ae  bullion,  silver  lead. 
Wrought  Iron.— lion  in  its  minimum  state  of  oarborizatkm. 
Wyihem  (Wale8).~Lode. 

XsosI  (Mexican).— A  miner's  cabin;  a  storehouse  for  mining  goods;  a  shaft 
house. 

Vsrdsge,  Yard  Work.— Price  paid  per  yard  for  cutting  coal. 
Yard  Price.— Various  prices,  per  yard  driven  (in  addition  to  the  tonnage 
prices),  paid  for  roads  of  certain  widths,  and  driven  in  certain  directions. 
YeUow  Ore  (CJomish).— Chalcopyrite. 
Yidd.— The  proportion  of  a  seam  sent  to  market. 

Zf  ne.— In  coal-mining  phraseology,  this  word  means  a  certain  series  of  coal 
seams  with  their  accompanying  shales,  etc.,  which  contain,  for  example, 
much  firedamp,  called  a  fiery  zone,  or,  if  much  water,  a  watery  sone. 
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Absolute  Pressire,  195, 845. 

temperature  and  pressure,  344, 345. 
Abuse  of  instruments,  80. 
Abutments  (dams),  154. 
Acceleration  in  jigging,  440. 
on  inclined  planes,  399. 
Acid  waters,  Pumps  for,  165. 
Acres  to  square  feet,  4. 
Adlabatic  compression,  195, 198. 
Adjustable  bars,  432. 
Adjustment  of  Burt's  solar  attach- 
ment, 48. 
of  compass,  38. 
of  levet  58. 
of  transit,  41. 
Afterdamp,  351. 
Agonic  line  chart,  40. 
Air  and  mercury  columns,  847. 
brattice,  894. 
bridges,  393. 
columns  in  Aimace  ventilation, 

384. 
Compressed,  194. 
compression,  Theory  of,  194. 
compression,  Horsepower  neces- 
sary for,  406. 
Air  compressors,  194. 

Classification  of,  194. 

Compound,  194. 

Construction  of,  194. 

Cooling,  195. 

Dry»196. 

Duplex,  194. 

Horizontal,  cross-compound, 

194. 
Rating  of,  195. 
Simple,  194. 
Stage,  194. 
Straight-line,  194. 
Vertical,  194. 
Wet,  196. 
Air  currents,  Conducting,  393. 
currents,  Splitting  of,  373,  378. 
leaks,  186. 
lift  pumpe,  164. 
required  for  ventilation,  362. 
transmission,  196. 
Airways,  Similar,  372. 
Alabama  method  of  mining,  297. 
Alternating  current,  217. 
current  dynamos,  224. 
current  motors,  226. 
Alternators,  225. 

Multiphase,  225,  226. 
Single-phase,  225. 
Three-phase,  226. 
Two-phase,  226. 
Altitude,  Eflfect  of,  on  air  compres- 
sion, 195. 
Aluminum,   Electric   properties   of, 
209. 


American  coals,  168. 

gauge  wire,  208. 

measures  of  area,  4. 

measures  of  length,  2. 

measures  of  volume.  5. 
Amount  crushed  by  rolls,  424. 

of  charge,  blasnng,  331. 

of  gas  liberated  per  ton  of  coal,8%. 
Analyses  of  American  coals,  168. 
Analysis  of  coal,  173. 
Andre's  formula  for  shaft  pillars,  286. 
Aneroid  barometer,  839. 
Angle  of  inertia.  398. 

of  rolling  fHction,  398. 

reading,  45. 
Annunciator  system,  232. 
Anthracite  coal,  169. 

Cubic  feet  in  ton  of,  449. 

HandUng,  448. 

SizeS;  of  434. 

Specific  gravity  of,  109. 

mining.  Costs  of,  323. 

mining  methods,  305. 

Percentages  of  different  sizes  of, 
323,826. 

Preparation  of,  442. 

screens,  Duty  of,  434. 

Tests  of  compressive  strength  of, 
290. 
Apothecaries'  weight,  1. 
Appliances  in  mine  ventilation,  381. 
Arc,  Error  in,  76. 

lamps,  214. 
Area,  Measures  of,  4. 

of  circle,  31. 

of  ellipse,  32. 

of  largest  square  inscribed  in  a 
circle,  28. 

of  parallelogram,  28. 

of  polygons,  30. 

of  tract  of  land.  To  find,  52. 

of  trapezium,  30. 

of  trapezoid,  30. 

of  triangle,  28. 
Areas,  Calculation  of,  77. 

of  circles,  1  to  1,000,  Table  of,  545. 

of  circles,  ^  to  100,  Table  of,  661. 
Arithmetic,  15. 
Arithmetical  progression,  20. 
Armature,  216. 
Arrangement  of  drill  holes,  244,  335. 

of  mine  plan,  381. 

of  slope  tracks,  413. 
Ascensional  ventilation,  381. 
Ash  (coal),  171. 
Ash  worth  -  Hepplewhite  -  Gray  lamp, 

358. 
Asphyxiation,  451. 
Atmosphere,  Composition  of,  337. 

Weight  of.  337. 
Atmospheric  pressure,  339. 
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Atom,  341. 

Atomic  Yolume,  841. 

weight,  344. 
Austrian  measures  of  length,  8. 
AYOiidupois  weight,  2. 


Back  of  Ore,  Cavinf  a.  320. 
Balancing  a  conical  drum,  896. 
Ball  mills,  427. 
Barometer,  839. 
Barometric  elevations,  840. 

variations,  339. 
Barrel!,  J.,  62. 
Barrier  pillars,  287. 
Bar  signals,  235. 
Base  lines,  46. 
Batteries,  Electric,  229. 
Battery  cells,  Ck)mpo8ition  ot^  281. 

water,  430. 

working,  307. 
Beams,  102, 105. 
Bearing  in,  283. 

value  of  masonry,  107. 
Bedded  deposits,  279. 

materials,  Prospecting  for,  238. 
Bell  wiring,  230. 

Belting  and  velocity  of  pulleys,  193. 
Bending  rails,  412. 
Bends  in  pipes,  153. 
Bent  plumb-line  method  of  slope  sur- 
veying, 73. 
Biram's  ventilator,  387. 
Bitumen,  Prospecting  for,  249. 
Bituminous  coal,  169. 

Cubic  feet  in  ton  of,  449. 
Handling,  443. 
Blackdamp,  350. 
Blacksmitn  coal,  173. 
Blake  crushers,  419. 
Blasting  by  electricity,  332. 
Bleeding  from  scalp  wounds,  451. 
Blossburg  method  of  mining,  298. 
Blower  fans,  386. 
Board  measure,  13. 
Boiler,  176. 

Care  of,  185. 

capacity,  181. 

Choice  of,  179, 180. 

cleaning,  186. 

coverings,  183. 

feed-pumps,  161. 

iron,  thickness  required,  187. 

scale,  181. 

tests,  188. 
Boltheads,Weight  of,  116. 
Bolts  per  mile  of  track,  117. 
Bolts,  Weight  of,  116. 
Bonnett,  268. 
Bord-and-pillar,  280. 
Bore-hole  records,  244,  250. 

holes,  242. 
Bottoms,  Slope,  413. 
Boxes  for  electric  f\ises,  224. 
Box  regulator,  375,  377. 
Boyle's  law.  195,  345. 
Brass,  Weight  of.  111,  112, 114, 115. 
brattice,  Air,  394. 


Breast  boards,  290. 

wheels,  157. 
Bridges.  Air,  893. 
Briqueting,  448. 

Brimsh  imperial  measure  (liquid  and 
dry),  5. 

measures  of  area,  4. 

measures  of  length,  2. 

measures  of  volume,  5. 

thermal  unit,  168. 
Brown  coal,  170. 

Brown's  method  of  mining  anthra- 
cite, 306. 
Brown  &  Sharpe  gauge,  208. 
Buckets,  Conveying,  446. 
Buggy  breasts,  291. 
Bufldings,  283. 
BulUng,  330. 
Buntons,  270. 

Burt's  solar  attachment,  47. 
Butt  cleats,  284. 


Cables,  Efeotrie,  209. 
Cableways  in  mining,  122b,  278. 
Calculation  of  areas,  77. 

of  mine  resistance,  866. 

of  wires  for  electric  transmission, 
210. 
California  method  of  mining,  300. 

stamps,  428. 
Calorie,  168. 
Calumet  classifier,  435. 
Cams  for  stamps,  429. 
Cannel  coal,  170. 
Capacitv  of  boilers,  181. 

of  electric  cables,  209. 

of  mining  machines,  337. 

of  pumps,  161. 

of  shaking  screens,  432. 

of  standard  steel  buckets,  44A, 
Capell  ventilator,  889. 
Carat,  12. 
Carbonic-acid  sas,  360. 

oxide  flras.  349 
Castings,  Weight  of  iron,  copper,  lead, 

brass,  or  zinc.  111. 
Caving  a  back  of  ore,  320. 

methods,  320. 

waste  only,  320. 
Cells,  Various  types  of,  281. 
Centers,  59. 
Centigrade  to  Fahrenheit,  806w 

to  Rtoumur,  366. 
Centrifugal  fans,  386. 

pumps,  164. 

roller  mills,  426. 
Chain,  Surveyor's,  42. 

cutter  machines,  887. 

J)illars,  287. 
ns,  Iron,  129. 
Chamber-and-pillar  method,  818. 
Chambering,  SSO. 
Channels,  Flow  in,  142. 
Character  of  floor  and  roof  on  size  of 

pillars.  Influence  of,  280. 
Charging  a  hole,  330. 
Charles' law,  345. 


^ 


INDEX. 


625 


Chemical  compounda,  84L 

equations,  341. 

symbols,  341. 
Chemistry  of  gases,  341. 
Chimneys,  189. 

Chinese  measures  of  length,  4. 
Chock,  268. 

Choice  of  a  boiler,  179, 180. 
Chokedamp,  850. 
Chum  drills,  242. 
Chute  breasts,  292. 

mining,  309. 
Circles,  31. 

areas  of,  1  to  1,000,  Table  of,  545. 

areas  of,  A  to  100,  Table  of,  561. 
Circuit,  Electric,  206. 
Circular  mil,  207. 
Circulation  of  boilers,  181. 
Circumferences,  1  to  1,000,  Table  of, 
545. 

^  to  100,  Table  of,  661. 
Clannv  lamp,  856. 
Classiners,  Hydraulic,  434. 
Classifying  apparatus,  431. 
Cleaning  safely  lamps,  368. 
Clearfield  method  of  mining,  296. 
Cleats,  284. 
Clinometer,  44. 
Closed  work,  279. 
Close  workings.  Shots  in,  861. 
Closing  surveys,  68. 
Coal,  169. 

Analyses,  168. 

analysis,  178. 

Anthracite,  169. 

Bituminous,  169. 

Blacksmith,  173. 

Brown,  170. 

Calorific  Power,  168. 

Cannel,  170. 

Coking,  170. 

Composition  of,  170. 

dealers'  computing  table,  452. 

Domestic,  173. 

dust,  Efi'ect  of,  360. 

Free-burning,  170. 

Gas,  173. 

Hardness  of,  171. 

Iron-making,  172. 

Lignite,  170. 

Preparation  of,  418. 

Prices  of,  326,  327. 

Production  of  U.  8.,  326. 

Prosi)ectlna[  for,  238. 

Running  of,  312. 

Semiantnracite,  169. 

Semibituminous,  160. 

Sizes  of,  173,  434. 

Specific  gravity  of,  109, 171. 

Splint.  170. 

Steaming,  171. 

Storage  of,  291. 

Strength  of,  171. 

washers,  436. 

Weight  of,  170. 
Coals,  Cubic  feet  in  ton  of  various, 

109, 170. 
Cockermegs,  268. 


Coefficient  of  contraction    (water), 
135. 

of  discharge  (water),  135. 

of  discharge  with  weirs,  140. 

of  rolling  friction,  398. 

of  roughness  for  water  channels, 
144. 

of  velocity  (water),  135. 
Coefficients  of  friction   for  various 
materials,  95,  96. 

of  friction  of  air  in  mines,  867. 
Cog,  268. 
Coins,  10. 
Coke,  172. 

ovens,  Cost  of,  828. 
Coking  coals,  170. 

coal.  Cost  of,  328. 
Collar,  268. 

Collimation,  Line  of,  58. 
Colorado  method  of  mining,  302. 
Color  of  coal  ash,  171. 
Columns..  Safe  loads  for,  106. 
Combustibles,  166. 
Combustion,  Spontaneous,  291. 
Common  fhictions,  15. 
Commutator,  216. 

Comparison  of  aluminum  and  copper 
for  electric  use,  209. 

of  hydraulic  formulas,  149. 

of  methods  of  shaft  sinking,  262. 

of  vacuum  and  plenum  systems  of 
ventilation,  386. 
Compass,  38. 

To  adjust,  38. 

To  use,  89. 

vernier,  39. 

field  notes,  44. 
Complement  of  angle,  34. 
Composition  of  atmosphere,  387. 

of  coals,  170. 

of  forces,  95. 

of  fUels,  169. 
Compound,  Chemical,  841. 

lever,  92. 

wound  dynamos,  219. 
Compressed  air,  194. 
haulage,  403. 
haulage  problems,  404. 
Compressibility  of  liquids,  133. 
Compressive  strength  of  anthracite, 

289. 
Condensers,  176. 

Conducting  power  of  various  sub- 
stances, 184. 
Conductors  (guides),  398. 

(electrical),  207. 

lor  electric-haulage  plants,  214. 
Cone,  33. 
Conical  drums,  394. 

drum.  To  balance,  396. 
Connecting  outside  and  inside  sur- 
veys, 68. 
Connections  for  continuous-current 

motors,  223. 
Connellsville  method  of  mining,  293. 
Constant-current  circuit,  206. 

potential  circuits,  206. 

power,  372. 
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Ck)ii8taiit  presBore.  872. 

pressure  circuits,  206. 

quantity,  372. 

velocity,  372. 
Ck)n8tants  ror  mine  gases,  349. 

for  wooden  beams,  life. 
Construction  of  air  compressors,  194. 

of  dams,  133. 

of  a  mine  ^mace,  383. 
Contents  of  a  coal  seam,  To  find,  52. 

of  cylinders,  6. 
Continuous-current  motors.  Connec- 
tions for,  223. 

vernier,  45. 
Contraction,Coefficient  of  (water)  ,135. 
Control  of  roof  pressure,  ;«4. 
Conversion  factors  (hydraulic),  141. 

of  thermometer  readings,  366. 

tables,  7, 10. 
Conveyors,  Horsepower  of,  445. 
Coordinates,  51. 
Copper,  Electric  properties  of,  209. 

Weight  of,  111,  112, 114, 116. 

Wire,  208. 
Cornish  pumps,  158. 

rolls,  423. 

underhand  stoplng,  316. 
Corps,  Mine,  66. 

Corresponding  mercury  and  air  col- 
umns, 1  able  of,  347. 
Corrugated  rolls,  422. 
Cosecant,  35,  454. 
Cosine,  35^  453. 
Cost  of  bnqueting,  449. 

of  coke  ovens,  328. 

of  coking  coal,  328. 

of  drilling, -244-247. 

of  haulage,  409. 

of  mining  anthracite,  822. 

of  sinking,  263. 

of  stamping,  430. 

of  unloading  coal,  447. 

ofwell  drilling,  242. 
Cotangent,  35, 453. 
Cotangents,  Natural,  Table  of,  464. 
Coverings,  Boiler  and  pipe,  183. 
Coversed  sine,  35. 
Coyoting,  321. 
Cracking  rolls,  421. 
Crib,  268. 
Cribbing,  270. 

Cross-section  of  electric  wires,  207. 
Cross-sections,  Construction  of,  249. 
Crushing  load  of  wood,  105. 

machinery,  418,  431. 

mills,  426. 

rolls,  423. 

rolls.  Table  of,  425,  426. 
Cube,  33. 

root,  19,  545. 

roots,  Table  of,  545. 
Cubes,  Table  of,  545. 
Cubic  feet  occupied  by  ton  of  various 

coals,  449. 
Culm,  Flushing  of,  314. 
Current  estimates,  212. 

motors,  157. 
Curtains,  394. 


CuTTOs  for  mine  roads,  411. 
Railroad,  78. 
on  slopes.  Vertical,  416. 
Cylinder,  33. 
Cylinders,  Contents  of,  6. 
in  a  pump.  Ratio  of,  160. 
of  a  noistiiig  engine,  "to  find  size 

of,  397. 
To  find  contents  of.  In  U.  S.  gal- 
lons or  bushels,  5. 
Cylindrical  boiler.  Maximum  work 
of,  178. 
boilers.  Economy  of,  188. 
drums  394. 
drum,  'To  find  period  of  winding, 

397. 
rings,  34. 


Dams,  154. 

D6bris,  156. 

Earth,  156. 

in  mines,  13d. 

Masonry,  156. 

Stone,  156. 

Wing,  156. 
Danish  measures  of  lengA.  S. 
Darcy's  formulas  (hydraulic),  148. 
Davy  lamp,  356. 
Debris  dams,  156. 
Decimals,  16. 

Decimals  of  a  foot  for  each  ^  inch,  8. 
Declination.  Magnetic,  39. 

of  Polaris,  46. 
Deflected  angle,  45. 
Deflections  in  power- transmission 

ropes.  Table  of;  122. 
Density  of  a  gas,  344. 
Departures,  M7. 
Deposits  over  8  ft.  thick,  318. 
Depth  of  shafts,  Calculation  of,  340. 

of  suction,  162. 
Derangement  of  ventilating  current, 

359. 
Detaching  hooks.  398. 
Detection  of  small  percentages  of  gas, 

356. 
Detonation,  831. 
Diagram  for  reporting  on  mineral 

lands,  252. 
Diameter  of  holes  (blasting),  330. 
Diamond  drill,  243. 

weight,  12. 
Dies  for  stamps,  429. 
Differential  pulley,  94. 
Diffusion  of  gases,  346,  848. 
Dip  and  strike  from  bore-hole  reoords, 
250. 

workings.  Ventilation  of,  882. 
Direct-current  circuits,  210. 
dynamos,  215. 
motors,  :£20. 
Direction  efface,  284. 
Directions  for  blasting  by  electricity, 

332. 
Discharge,  Coefficient  of  (water),  US. 

gates  (dams),  154. 

through  V  notch,  188. 
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Disintegrating  rolls,  43&. 
Disk  £Eins,  885. 
Distance,  Errors  in,  77. 

from  center  to  center  of  breasts, 
Table,  287. 
Distribution  of  air  in  mine  ventila- 
tion, 373. 
Ditches,  142. 

Banks  of,  143. 

Capacity  of,  148. 

Grades  of,  143. 

Velocity  in,  142. 
Division  of  air-current.  Proportional, 

375. 
D.,  L.  &  W.  telephone  system,  234. 
Dodge  crushers,  419. 
Domestic  coals,  173. 
Door  regulator,  875,  377. 

regulator,  Size  of  opening  for,  377. 
Doors,  393. 
Double-chute  battery,  809. 

cylindrical  drums,  394. 

entry,  284. 
Draft,  190. 

Drainage  in  shaft  sinking,  263. 
Drawbar  pull  of  electric  locomotives, 

407. 
Drawing  pillars,  289. 
Dredge  (centriftigal  pump),  164. 
Dredging,  279. 
Dressing  of  ores,  418. 
Drift  of  drill  holes,  243. 
Drill,  Diamond,  243. 

holes,  243. 

holes,  Arrangement  of,  335. 

records,  244,  250. 
DrilUng,  242,  330. 
Driving  the  gangway,  264. 
Dron's  formula  for  shaft  pillars,  285. 
Drop  for  stamps,  428. 
Drums,  Conical,  394. 

Double-cylindrical,  394. 

for  wire  rope,  1221. 
Dry  measure  (U.  S.),  5. 
Dunn's  table  of  size  of  pillars,  286. 
Duplex  pumps,  158. 
Dust  briquets,  448. 

Effect  of,  360. 
Duty  of  anthracite  screens,  434. 

of  miners'  inch,  137. 

of  stamps,  430. 
Dynamite,  Thawing,  329. 
Dynamos,  215. 

Alternating-current,  224. 

Compound-wound,  219. 

Series-wound,  219. 

Shunt-wound,  219. 
Earth  Augers,  242. 

dams,  156. 
Economizers,  185. 
Effect  of  altitude  on  air  compression, 

195. 
Efficiency,  Manometrical,  390. 

Mechanical,  390. 

of  water-power,  156. 
Electrical  Expressions  and  Equiva- 
lents, 205. 
Electric  blasting,  332. 


Electric  circuit,  205. 

exploder,  332. 

haulage,  406. 

haulage  plants,  Conductors  for, 
214. 

haulage  problem,  407. 

locomotives.  Drawbar  pull  of,  407. 

locomotives,  Haulli^g  capacity  of^ 
408. 

power,  204. 

pumps,  162. 

resistance.  Estimation  of,  209. 

signaling,  229-235. 

units,  203. 

wiring,  207. 
Electricity,  203. 
Electromotive  force,  208,  21ft. 
Elements,  341. 

in  ventilation,  363. 

of  mechanics,  91. 

Table  of,  342. 
Elevating  capacity  of  buckets,  446. 
Elevation  of  rails  for  mine  roads,  412. 
Elevations,  Barometric,  340. 
Elevators,  Water,  164. 
Ellipse,  32, 
End  cleats,  284. 

on,  285. 

plates,  270. 
Endless-rope  haulacre,  401. 
Engine  drivers,  Rules  for,  18L 

planes,  399. 
Engines,  Sinking,  263. 

Steam,  190. 
Entries,  Number  of,  284. 
Equal  settling  factors,  Table  oi;  489. 

settling  particles,  439. 

shadows,  47. 

splits  of  air,  374. 
Equations,  Chemical,  341.    - 
Equilibrium  of  liquids,  130. 
Equivalent  orifice,  367. 
Errors,  76. 

in  arc,  76. 

in  distance,  77. 

in  measurement,  77. 

in  surveying,  66,  76. 
Eschka's  method  of  analysis  for  sul- 
phur, 174. 
Establishing  a  meridian  wi*^h  solar 

attachment,  47. 
Estimates  of  current,  212. 
Evolution,  19,  545. 
Excitation  of  dynamos,  218. 
Exhaust  fans,  386. 
Expansion  of  gases,  344. 
Exploder,  Electric,  832. 
Exploring  workings,  361. 
Explosions,  Exploring  workingsafter 
361. 

in  boilers,  179. 
Explosive  conditions  in  mines,  869. 
Explosives,  329. 

Pressures  developed  by,  384. 

Relative    strengths    of    various 
brands  of,  330. 

Values  of,  335. 
Eytelwein's formulas  (hydraulic),  148 


628 


INDEX. 


Faot  Cleat*,  284. 

Direction  of,  284. 

on,  285. 
Factor  of  a  mine,  Potential,  867. 
Factors,  Conversion  (hydraulic).  141. 
Fahrenheit  to  centigrade,  366. 
Fan  construction,  Principles  of,  391. 

tests,  392. 

yentilation,  373,  385. 
Fans,  Ventilating,  386. 
Fastenings  for  wire  rope,  126. 
Feeders  of  gas,  352. 
Feed-pumps,  161, 186. 
Feedwater  for  boilers,  186. 
Field  excitation  of  dynamos,  218. 

magnet,  216. 

notes  for  outside  comT>a88  survey^ 
44. 
Filling  methods,  319. 
Finger  bars,  432. 
Firedamp,  35L 
Fires,  Gob,  291. 
Firing  a  boiler,  186. 

blasts,  331. 

by  detonation,  331. 
Fixed  carbon  in  coal,  171, 174. 
Flash  signals,  234. 
Flat  deposits,  318. 
Flat  ropes,  119,  394. 
Flights,  Capacity  of,  446. 
Flow  of  water  in  channels,  142, 144. 
in  rivers,  145. 
through  flumes,  146. 
through  orifices,  135. 
through  pipes,  147, 150. 
Flumes,  145,  443. 

Flow  of  water  through,  146. 

Grade  of,  145. 
Flushing  of  culm.  314. 
Foaming  (boilers),  186. 
Forced  draft,  190. 
Force  fans,  386. 
Forces,  Composition  of,  95. 
Foreign  coins.  Values  of,  11. 
Forepoling,  260,  270. 
Form  of  roll  teeth,  422. 
Forms  of  mine  timbering,  267. 
Formulas  for  air  splitting,  378. 

for  inclined  planes,  399. 

in  ventilation,  870. 
Foster's  formula  for  shaft  pillars,  286. 
Foundations  (dams),  154. 
Fractions,  15. 

Common,  15. 

Decimal,  16. 

Table  of  equivalent  decimal,  16. 
Fragmental  deposits,  Mining  of,  278. 
Free-burning  coals,  170. 

gold  per  ton  of  ore.  Value  of,  241. 
Freezing  process,  260. 
Friction.  95. 

coefficients  for  air  in  mines.  367. 

coefficients  for  various  materials, 
95,96. 

in  knees  and  bends,  153. 

of  air  in  pipes,  201. 

of  mine  cars,  96. 

of  water  in  pipes,  161. 


Friction  pull  on  endless  rope.  402. 

Frictional  resistance  of  shafting,  96. 

Frozen  ground.  Mining  of,  322. 

Frustums.  34. 

Fuel  dust  briquets,  448. 

Fuels,  166. 

Composition  of,  169. 
Furnace  stack,  385. 

Construction  of  ventilating,  383. 

ventilation,  373. 

ventilation.  Air  columns  in,  9Si. 
Fuse  boxes,  224. 
Fuses.  224. 
Fusible  plugs,  186. 


Galvanle  Action  Aroand  Bcllera,  187. 
Gangway  driving,  264. 

ambers,  268. 
Gas  coals,  173. 

feeders,  852. 

Testing  for,  854. 

Outbursts  of,  352, 360. 
Gkises.  Chemistry  of,  341. 

DifiUsion  of,  346,  348. 

enclosed  in  the  pores  of  coal,  353 

found  in  mines,  848. 

Pressure  of,  345. 

Properties  of,  344. 

Transpiration  of,  346,  34a 
Gate  for  jig,  438. 
Gates  crusher.  Table  of,  422. 
Gauge  cocks,  186. 

of  mine  tracks,  411. 

Pressure,  186. 

Water,  366. 

Wire,  122k,  207,  208. 
Gauging  by  weirs,  138. 

water,  136. 
Gay-Lussac's  law,  196,  345. 
Gears,  Train  of,  92. 

Grems  and  precious  stones,  Prospect- 
ing for,  241. 
(General  mathematical  principles,  14. 

remarks  on  surveying,  49. 
Geological  maps.  Construction  of,  249. 

periods,  237. 
G^metrical  problems,  25. 

progression,  2L 
Geometry,  24. 
Geordy  lamp,  356. 

George's  creek  method  of  mining,  297. 
Gilpin  county  stamps,  428. 
Glossary  of  mining  terms,  666. 
Gob  fires,  291. 
Gold  coins,  10. 

mine,  Opening  of,  268. 
Gk>nda  type  of  cell,  230. 
(Gophering,  321. 

(Mould's  formulas  (hydraulic),  148. 
Grade  of  mine  road,  410. 
Gradient,  Hydraulic,  147. 
Graham's  law,  346. 
Gravity  planes,  398. 

Specific,  107. 

specific.  Table  of;  10& 

stamps,  427. 
Gray  lamp,  858. 


1 


INDEX. 


629 


Grizzlies,  431. 
Guibal  ventilator,  388. 
Guides,  398. 
Gyratory  crushers,  420. 


Half  on,  285. 

Hammer  crushers,  423. 
Handling  of  material,  443. 
Hard  coal,  169,  313. 
Hardness  of  coal,  171. 
Haulage,  398. 

by  compressed  air,  408. 

Cost  of,  409. 

Electric,  214,  406. 

Motor,  402. 

problems,  399,  407. 

road  signals,  235. 

rope«  120,  m,  400. 

Speed  of,  408. 
Hauling  capacity  of  electric  locomo- 
tives, 408. 
Ha wksley's  formula  (hydraulic),  148. 
Head-bars,  431. 

block,  268. 

frames,  275,  397. 

frames,  jinking,  262. 

gears,  275. 

sheaves,  397. 
Headboard,  268. 
Heating  surface  of  a  boiler,  177. 

values  of  American  coals,  168. 
Heberle  gate,  438. 
High  explosives,  329. 
HiU,  E.,  198. 
Hints  for  mining  small  seams,  313. 

to  beginners  in  surveying,  80. 
Hoisting,  394. 

engine  cylinders.  397. 

engine.  To  find  size  of,  396. 

problems,  396. 

ropes,  Starting  strain  on,  124, 126. 

ropes,  Stress  in,  1221. 
Hooks,  Detaching,  398. 
Horizontal  distances,  50,  87,  537. 

distances.  Stadia  table  of,  87. 
Horsepower  for  box  regulators,  377. 

for  bucket  elevators,  445. 

for  door  regulators,  377. 

necessary  to  compress  air,  406. 

of  air-currents,  363. 

of  boilers,  177. 

of  coal  conveyor,  445. 

of  engine,  190. 

of  manila  ropes,  126. 

of  stamps,  430. 

of  a  stream,  157. 

required  to  raise  water,  161. 
Hughes's  formula  for  shaft  pillars, 

286. 
Hydraulic  classifiers,  434. 

gradient,  147. 

placer  mining,  278. 
Hydraulics,  135. 
Hydrocarbons,  349. 
Hydrogen  disulphide  H^S,  350. 

Sulphuretted,  350. 
Hydrostatics,  130. 


I  Beams,  Safe  leads  for,  104. 
Illuminating  power  of  safety  lamps, 

359. 
Impulse  wheels,  158. 
Incandescent  lamps,  213. 
Inch,  Miners',  136. 
Inclined  plane,  93. 

plane.  Stress  in  hoisting  ropes  on, 
1221. 

roads,  Calculation  of  power  for, 
402. 

roads.  Haulage  on,  398. 

shafts.  Surveying,  73. 
Included  angle,  45. 
Incrustation  and  scale,  182. 
Indiana  method  of  mining,  298. 
Individual  angle,  45. 
Induction  motors,  227. 
Inertia,  Angle  of,  398. 
Influence  of  furnace  stack  on  venti- 
lation, 385. 

of  seasons  on  ventilation,  382. 
Injector,  186. 

Area  of  nozzle  of,  187. 

Delivery  in  gallons  per  hour  of^ 
187. 
Inside  surveys,  56,  67. 
Inspection  of  boilers,  181. 
Insulated  wires,  212. 
Interstitial  currents,  439. 

factors,  440. 
Involution,  19,  545. 
Iowa  method  of  mining,  299. 
Iron  beams,  103. 

for  track,  117. 

pipe.  Weight  of,  113. 

supports,  272. 

Weight  of  flat,  115. 

Weight  of  wrought,  114, 
Irregular  mining  deposits,  321. 
Isogonic  chart, «). 
Isothermal  compression,  195, 198. 


Jaw  Crushers,  419. 

Jeflfrey-Robinson  coal  washer,  436. 
Jigs.  487. 
Joints  in  mine  timbering,  267. 


Kind-Chaudron  Method  of  Sinking  262. 

Knees  in  pipes,  153. 

Koepe  system  of  hoisting,  395. 


Lamp  Tests  for  Gas,  354. 
Lamps,  Arc,  214. 

Incandescent,  213. 

Safety,  355. 

Testing,  355. 
Lancashire  boiler,  177. 
Landings,  Timbering  of,  272. 
Large  deposits  over  8  ft.  thick.  Min- 
ing, 318. 
Latches,  413. 
Latitude,  50,  537. 

with  Burt's  solar,  48. 
Launders,  443. 
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Law  of  settling  partioles,  430. 
Laws  in  regard  lo  air  splitUng,  373. 

in  regard  to  quantity  of  fuur,  363. 

of  volume.  341. 
Leaching  methods  of  mining,  3^2. 
Lead,  Weight  of,  111,  U3, 114, 115. 
Leclanch6  cell,  229. 
Lehigh  region,  Costs  of  mining  in, 

323. 
Length,  Measures  of,  2. 

of  steep  pitch  on  inclined  plane, 
399. 
Leveling,  53. 

Trigonometric,  56. 
Level  notes,  55,  62. 

roads.  Haulage  on,  398. 

timbers,  268. 
Levels  (gangways),  316, 

in  metal  mines,  264. 
Levers,  91. 
Lid,  268. 
Life  of  shoes  and  dies,  429. 

of  wire  rope,  1221 
Lignite,  170. 
Line  shafting,  110. 
Liquid  measure  (U.  S.),  5. 
Liquids,  Compressibil%  ot^  133. 
Load  for  wire  rope,  125. 

that  a  hoisting  engine  will  start. 
To  find,  396. 
Locating  errors,  76. 

special  work,  77. 
Locks  for  lamps,  358. 
Locomotive  haulage,  402. 
Logarithmic  factions.  Table  of,  492. 
Logarithms,  22,  473. 

of  numbers,  Table,  473. 

of  trigonometric  functions,  Table 
of,  492. 
Log  washer,  436. 

Long-hole  process  of  shaft  sinking, 
262. 

horn,  285. 

section,  64. 

splice.  128. 
Longitudinal  back  stoping  with  fill- 
ing, 319. 
Longwall  method,  281,  302. 

Modifications  of,  302. 

Timbering,  283. 
Loss  in  transmitting  air,  198. 

of  blood.  449. 

of  head  in  pipe  by  friction,  151. 

of  heat  fi*om  steam  pipes,  184. 

of  pressure  of  air  in  pipes,  202. 
Low  explosives,  329. 
Lubricants  for  different  purposes,  102. 
Lubrication,  100, 124b. 


Machine  Mining,  336. 
Magnetic  prospecting,  248. 

variation,  39. 
Malleable-iron  buckets,  446. 
Manila  ropes.  Power  transmitted  by, 

126. 
Manometrical  efficiency,  390. 
Mapping,  74. 


Maps,  Geological,  249. 
Mariotte's  law,  345. 
Marsaut  lamp,  358. 
Marsh  gas,  348. 

Masonry,  Bearing  value  of,  107. 
dams,  156. 
supports,  272. 
Material,  Handling  of,  443. 
Mathematical  signs,  14. 
Mathematics,  14. 
Measurement,  Error  in,  77. 
of  temperature,  366. 
of  ventilating  currents,  364. 
Measures  of  area,  4. 
American,  4. 
British,  4. 
Metric,  4. 
Measures  of  Length,  2. 
American,  2. 
Austrian,  3. 
British,  2. 
Chinese,  4. 
Danish,  3. 
Metric,  3. 
Norwegian,  3. 
Prussian,  3. 
Russian,  3. 
Swedish,  4. 
Measures  of  volume.  K 
American,  5. 
British,  5 
Metric.  5. 
Mechanical  efficiency,  890. 
mixture,  341. 
ventilators,  385. 
Mechanics,  91. 
Mensuration,  28.  . 
of  solids,  33. 
of  surfaces,  28. 
Mercurial  barometer,  339. 
Mercury  and  air  columns,  347. 

column  corresponding  to  water 
column,  340. 
Meridians,  46. 
Merivale's  formula  for  shaft  inllan, 

285. 
Meeh  for  shaking  screens,  433. 

of  revolving  screens  for  anthr»> 

cite,  434. 
Size  of,  433. 
Metal  linings  for  shafts,  260. 
Methods  and  appliances  in  mine  voi- 

tilation,  381. 
Methods  of  mining,  277. 
Alabama,  297. 
anthracite,  305. 
Blossburg,  296. 
Brown's.  306. 
California,  300. 
Clearfield,  295. 
Colorado,  302. 
Connellsville.  298. 
George's  creek,  297. 
Indiana,  298. 
Iowa,  299. 

mineral  deposits,  316w 
Newcastle,  Colo.,  802. 
Pittsburg,  295. 
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Methods  of  Mining,   RernoldBVille, 
295. 
Teda,  Cal.,  800. 
West  Virginia,  296. 
William8°  812. 
Methods  of  surveying,  67. 
Metric  conversion  taoles,  7-10. 

measures  of  area,  4. 

measures  of  length,  3. 

measures  of  volume,  5. 

system,  1,  2,  8,  9. 10. 

weight,  2. 
Mil,  207. 

Milling  system,  278. 
Mine-car  friction  tests,  98. 

cars,  Friction  of,  96. 

corps,  66. 

dams,  138. 

explosions,  861. 

gases,  348. 

gases.  Table  of,  849. 
jpening  a,  257. 

pmn.  Arrangement  of,  88L 

resistances,  364,  366. 

roads,  410b. 

sampling,  174. 

telephones,  233. 

timber  and  timbering,  265. 

tracks,  410b. 
Mineral  available  in  a  prospect,  251. 

deposits.  Methods  of  mining,  316. 

lands.  Report  on,  252. 
Miners'  inch,  136. 
Mining  terms.  Glossary  of,  565. 
Mixture,  Mechanical,  841. 
Moisture  in  coal,  171, 174. 
Molecule,  341. 
Money,  Tables  of,  10. 
Morris,  W.  H.,  127. 
Motor  haulage,  402. 
Motors,  214, 215. 

Current  (water),  167. 

Induction,  227. 

Regulation  of  speed  of,  222. 

Synchronous,  ^. 
Movable  bars,  432. 

pulley,  94. 
Mueseler  lamp,  358. 
Multiphase  alternators,  225. 
Murphy  ventilator,  389. 


Hails,  Sizes,  Etc.  of,  114. 

Nasmyth  fan,  387. 

Natural  division  of  air-currents,  374. 

functions.  Tables  of,  453. 

gas.  Prospecting  for,  249. 

splitting.  Calculation  of,  874. 

ventilation,  381. 
Needling,  268. 

Neville's  formula  (hvdraullc),  148. 
Newcastle,    Colorado,     method     of 

mining,  802. 
Nitrogen,  348. 
Non-conductors,  Relative  values  of, 

185. 
Norwegian  measures  of  length,  8. 
Notes  (survey),  60. 


Notes,  Compass  field,  44. 

for  outade  compass  surrey,  44. 

Level,  55,  62. 

on  mapping,  74. 

Side,  W,  61. 

Stope-book,  62. 

Transit,  60. 
Nozzle,  Injector,  187. 
Number  of  cars  in  a  trip  on  a  self- 
acting  incline,  899. 
Nuts,  Weight  of,  U6. 

Ooeloddd  Gases.  352. 

Occurrence  of  gases  in  mines,  351. 

Ohm's  law,  204. 

Oils  for  safety  lamps,  356. 

Lubricating,  100, 102. 
Open  channels,  142. 

work,  277. 
Opening  a  mine,  257. 

in  box  regulators,  376. 
Order  of  drop  of  stamps,  428. 
Ore  deposits,  238. 

dressing,  418. 

Handling  of,  443. 
Orifice,  Equivalent,  367. 
Oscillating  bars,  432. 
Outbursts  of  gas,  352,  360. 
Outside  surveys,  67. 
Overcasts,  393. 
Overhand  stoping,  304,  317. 
Overshot  wheels,  168. 
Oxygen,  848. 


Packing  for  Pumpa,  169. 

Pack  walls,  283. 

Paint,  59. 

Pamely's  formula  for  shaft  pillars,  286. 

Panel  system,  283. 

Parallel  circuits,  206. 

Parallelograms,  28. 

Parallelepiped,  33. 

Peele,  Robert,  194. 

Percentage,  20. 

Percussion  drills,  242. 

Period  of  winding  on  a  cylindrical 

drum.  To  find,  397. 
Permitted  explosives,  329. 
Petroleum,  Fuel  value  of  167. 

Prospecting  for,  249 
Pick  machines,  33& 
Pillar  timber,  268. 

and  chamber,  280. 

and  stall,  281,  292. 

drawing,  289. 
Pillars  285 

Weight  on,  at  different  depths,  287. 

Wooden,  105. 
Pins,  43. 
Pipes,  Flow  through,  147, 150. 

Friction  in,  151. 

Pressure  of  water  in,  132. 

Thickness  of,  133. 

used  for  compressed-air  haulage. 
Table  of,  406. 
Piston  speed  of  pumi)s,  161. 
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Pitch  at  which  anthracite  will  ran, 
Table  of,  443. 

distance,  51. 
Pitching  work  surreys,  68. 
Pittsburg  method  of  mining,  295. 
Placer  deposits.  Prospecting  for,  240. 

mining,  278. 
Plane  trigonometry,  84. 
Planes,  Engine,  399. 

Gravity,  398. 
Plates,  metal.  Weight  of,  112. 
Platform  bars,  431. 
Plats,  Timbering  of,  272. 
Plenum  system  of  ventilation,  386. 
Plotting,  49. 

by  coordinates,  51. 
Plow-steel  rope,  120. 
Plugs,  186. 
Plumb-bob,  44. 
Plumbing  of  shafts,  69. 
Pneumatic  method  of  shaft  sinking 
260. 

stamps,  430. 
Pockets  of  gas,  352. 
Poetsch-Sooysmith  process  (freezing 

method),  260. 
Polaris  observation,  46. 
Polygons,  30. 
Post  and  breast  cap,  268. 
Potential  factor  of  a  mine,  367. 
Pound  calorie.  168. 
Power,  Electrical,  204. 

for  hoisting,  395. 

in  mine  ventilation,  367. 

of  air-currents,  363. 

of  a  hoisting  engine.  To  find,  3%. 

of  an  explonve,  334. 

of  waterfall,  157. 

pumps,  162. 

required  for  inclined  roads,  402. 

stamps,  431. 

Water,  156. 
Practical  examples  in  the  solution  oi 
triangles,  35. 

splitting  of  air-currents,  373. 
Precious  stones.  Prospecting  for,  241. 
Preliminary  work,  257. 
Preparation  of  anthracite,  Diagram 
of,  442. 

of  coal  and  ore.  418. 
Preservation  of  timber,  265. 
Pressure.  Absolute,  345. 

as  affecting  explosive  conditions, 
361. 

developed  by  explosives,  334. 

for  box  regulators,  376. 

gauge,  185. 

of  anthracite  coal  against  walls, 
445. 

of  bituminous  coal  against  walls, 
444. 

of  gases,  345. 

of  uquids  on  surfaces,  130. 

of  occluded  gases.  352. 

of  steam  at  different  tempera- 
tures, 188. 

of  water  in  pipes,  132. 
on  heading,  130. 


Pressure  of  water  on  plane  snr&ce, 

132. 
Prices  per  ton  of  coal  at  minea,Table, 


Primary  splits,  374. 

Prism,  83. 

Prismoidal  formula,  34. 

Problem  in  compreased-air  haulage, 

404. 
Problems  in  geometrical  constrao- 
tion,  25. 

in  haulage,  399. 

in  hoisting,  396. 
Progression,  Arithmetical,  20. 

Geometrical,  21. 
Properties  of  copper  wire,  208. 

of  materials,  107. 
Proportion,  or  Rule  of  Three,  18. 
Proportional  division  of  the  air-cur- 
rent, 375. 
Props,  Undersetting  of;  276,  277. 

Wooden,  105. 
Prospecting,  235. 

for  bitumen,  249. 

for  natural  gas,  249. 

for  petroleum,  249. 

Magnetic,  248. 
Prussian  measures  of  length,  S. 
Pulley,  94. 

Pulleys  and  belting,  193. 
Pulverizers,  423. 
Pump  machinery,  158. 

memoranda,  163. 

packing,  159. 

valves,  162. 
Pumps,  158. 

Air-lift,  164. 

Centrifugal,  164. 

Cornish,  158. 

Electrical,  162. 

for  acid  waters,  165. 

Power,  162. 

Simple  and  duplex,  158. 

Sinking,  165. 

Vacuum,  164. 
Push  button,  234. 
Pyramid,  33. 

Quadrant,  34. 

Quantity  of  air  required  by  State 
Laws,  363. 
for  dilution  of  mine  gases,  86S. 
for  ventilation,  362. 
to  produce  necessary  velocity 
at  face,  363. 

Radial  Rollor  Mills,  426. 

Radii  of  curves,  79. 

Rail  bending  for  mine  roads,  412. 

elevation  for  mine  roads,  412. 
Railroad  curves,  78. 
Rails  for  mine  roads,  411. 

per  mile  of  track,  117. 
Raises,  316. 
Rapid  firing  of  boilers,  187. 

method  of  splicing  a  wire  lope, 
127. 
Rate  of  difCUsion,  346. 
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Rating  of  compressors,  195. 

Ratio  of  steam  and  water  cylinders  in 

pump,  160. 
R^nmur  to  Fahrenheit,  366. 
Reciprocals,  515. 
Recoil  of  an  explosion,  861. 
Reduction  of  inches  to  decimals  of  a 

foot,  2. 
Regular  polygon,  30. 
Regulation  of  motors  for  speed,  222. 
Regulators,  375. 

Relation  of  power,  pressure,  and  Te- 
locity, 364. 
Relative  volume  of  gases,  343. 
Relighting  stations,  359. 
Removal  of  sulphur  from  coal,  441. 
Repair  of  boiler  coverings,  187. 
Repairs  to  boilers,  180. 
Reporting  on  mineral  lands,  252. 
Requirements  of  law  as  to  splitting, 

373. 
Reservoirs,  154. 
Resistance,  Electric.  203. 

Estimation  of  (electric),  209. 

in  electric  lines,  206. 

of  soils  to  erosion,  143. 

Mine,  364. 
Return-call  system,  232. 
Revolving  screen  mesh  for  anthracite, 

433,434. 
Reynoldsville  method  of  mining,  295. 
Right-angled  V  notch,  137. 
Rings,  34. 

Rise  workings,  Ventilation  of,  382. 
Rivers,  Flow  of  water  in,  145. 
Roads,  Haulage  on  inclined,  398. 

Level,  398. 

Mine,  410. 
Rock-chute  mining,  310. 

drills,  263. 

Handling  of,  443. 
Roller  mills,  426. 
Rollers,  412. 

Rolling  friction,  Ck>efficient  of;  398. 
Roll-jaw  crushers,  420. 
Rolls,  421. 

Amount  crushed  by,  424. 

Crushing.  423. 

Speeds  or,  424. 

Teeth  of,  422. 
Roof  pressure,  280. 

Control  of,  284. 
Room-and-pillar,  280. 

modifications  of,  291. 

openings,  281. 

pillars,  286. 
Rooming  with  filling,  319. 
Rope  haulage,  122,  400. 
Ropes,  118. 

fastenings,  126. 

Flat,  394. 

Manila,  120,126. 
Rotary  crushers,  420, 422. 
Roughness,  Coefficient  of,  144. 
Rule  Of  Three,  18. 
Rules  for  engine  drivers,  191. 
Running  of  coal,  312. 
Russian  measures  of  length,  8. 


Ssfe  Loads  for  Cast-Iron  Colimna,  106. 
Safe  loads  for  I  beams,  104. 
Safety  catches,  398. 

explosives,  329. 

lamp  oils,  356. 

lamps,  355,  856. 

lamps.  Locks  for,  858. 

lamps,  Illuminating  power  of,  359. 

valves,  185. 
Sampling  available  mineral,  251. 

of  coal,  173. 
Scaife  trough  washer,  437. 
Scale,  Removal  of,  ftom  boilers,  181. 
Scalp  wounds,  451. 
Schiele  ventilator,  388. 
Schmidt's  law  of  faults,  239. 
Screens,  431,  432. 
Screw,  93. 

Diameter  and  number  of,  118. 
Seam  blasting,  331. 
Seasons,  Influence  of,  382. 
Secant,  35,  454. 
Secondary  splits,  374. 
Sederholm,  E.  T.,  125. 
Semianthracite  coal,  169. 
Semibituminous  coal,  169. 
Series-circuits,  205. 

parallel  method  of  regulation,  222. 

wound  dynamos,  219. 
Settling  boxes,  485. 

particles.  Law  of,  439. 
Shaft  bottoms,  Steel,  276. 

bottom  tracks,  416. 

pillars.  285. 

plumbing,  69. 

sinking,  Drainage  for,  263. 

sinking,  Ventilation,  263. 

timbering,  270. 
Shafting,  Frictional  resistance  of,  96. 

Strength  of,  110. 
Shafts,  259. 

Calculation  of  depth  of;  340. 

Form  of,  259. 

Methods  of  sinking,  259. 

Size  of,  259, 

Surfece  tracks  at,  417. 

Table  of  depths  of,  etc.,  261. 
Shaking  screens,  432. 
Shantv,  268. 

Shearing  machines,  337. 
Sheaves  for  wire  rope,  1221. 
Sheet-metal  gauges,  122k« 
Shoes  for  stamps,  429. 
Short  horn,  285. 
Shots  in  close  workings,  36L 
Shunt-wound  dynamos,  219. 
Side  notes,  60,  61. 
Signal  for  haulage  roads,  235. 
Signaling,  Electric,  229-235. 
Silver  coins,  10. 
Similar  airways,  372. 
Simple  bell  circuit,  230. 
Sine,  34,  453. 

Sines,  Natural,  Table  of,  453. 
Single-chute  battery,  309. 

entry,  284. 

phase  alternators,  225. 

wire  method  of  slope  surveying,74. 
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SinMng  a  shaft,  259. 
Cost  of,  268. 
engines,  263. 
head-frames,  262. 

Sumps,  165. 
lope,  263. 

Speed  of,  263. 
Siphons,  149. 

Size  of  en&dne  for  engine-plane  haul- 
age, 899. 

of  hoisting  engine,  To  find,  396. 

of  mesh  for  screens,  488. 

of  opening  for  door  regulator,  377. 

of  opening  in  box  regulator,  376. 

of  pillars,  285. 

of  timber,  267. 
Sizes  of  anthracite,  percentages  of 
each,  323,  326. 

coal,  173,  434. 
Sizing  apparatus,  431. 
Slack,  167. 
Slicing  method,  319. 
Slightly  inclined  deposits,  318. 
Slope  bottoms,  413. 

level,  44. 

sinking,  263. 

surveying,  73. 

tracks,  413. 

Surface  tracks  at,  417. 
Small  percentages  of  gas,  356. 

seams,  mining  of,  313. 
Soft  coal,  169. 

Soils,  Resistance  of,  to  erosion,  143. 
Solar  attachment,  47. 
Sole.  268. 

Space  required  to  store  coins,  11. 
Special  forms  of  supports,  272. 

miningmethods,  322. 

work,  77. 
Specific  gravity,  107. 
of  coal,  171. 
of  gases,  344. 

of  various  substances,  Table 
of,  108, 109. 

volume,  341. 
Speed  of  crushing  rolls,  426. 

of  drilling,  244. 

of  haulage,  408. 

of  revolving  screens,  434. 

of  rolls.  423. 

of  sinking,  263. 

of  stamps,  429. 

of  water  through  pump  passages, 
160. 

regulation  of  motors,  222. 
Sphere,  33. 
Spikes,  Railroad,  117. 

Sizes,  etc.,  114. 
Spiling,  270. 
Spillways,  156. 
Spitzkasten,  435. 
Spitzlutten,  435. 
Splices  per  mile  of  track,  117. 
Splicing  a  wire  rope,  127. 
Splint  coal,  170. 
Splitting  formulas,  378. 

of  air-currents,  373. 
Spontaneous  combustion,  291. 


Sprags,  270. 

Square  feet  to  acres,  4. 

root,  19,  545. 

roots.  Table  of,  545. 

sets,  270. 

set  system,  321. 

W0Tkj318. 
Squares,  Table  of,  545. 
Squibbing,  330. 
Stack,  Furnace,  885. 
Stadia  measurements,  81. 

table,  86. 
Stamps,  427. 

heads,  429. 

Pneumatic,  430. 

Power,  431. 

Speed  of,  429. 

Steam,  431. 
Standard  steel  buckets,  Weights  and 

capacities  of.  446. 
Starting  strain  on  hoisting  rope,  126. 
Stationary  screen  jigs,  487. 

screens.  431. 
Stations,  Distingui^ing,  59; 

Establishment  of,  57. 

Kinds  of,  57. 

Marking,  58. 

Relighting,  359. 

Timbering  of,  272. 
Steam,  175. 

engine,  190. 

pipe  coverings,  183. 

pressure  at    different    tempera- 
tures, 188. 

shovel  mines,  278. 

stamps,  431. 
Steaming  coals,  171. 
Steel  beams,  103. 

shaft  bottoms,  276. 

support^,  272. 

tape,  43. 
Stems  for  stamps,  429. 
Stinkdamp,  350. 
Stone  dams,  155. 
Stope  books,  62. 
Stoping,  316. 

Overhand,  304. 

with  fining,  319. 
Stoppings,  393. 
Storage,  Ctoal,  291. 
Stowing,  283. 
Stream  norsepower,  167. 
Strength  of  anthracite,  289. 

of  electric  current,  208. 

of  materials,  102. 

of  metals,  115. 

of  roof,  280. 

of  shafting,  110. 

of  wire  ropes,  119. 
Stress  in  hoisting  ropes,  122L 
Strike  from  bore-hole  records,  280. 
Stulls,  268. 
Stuttles,  270. 
Suction,  162. 

in  jigging.  440. 
Sulphureted  hydrogen,  850. 
Sulphur  in  coal,  171, 174. 

Removal  of,  from  eoal,  441. 
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Sump,  264. 

Supplement  of  angle,  84. 

Surface  tracks  for  shafts  and  slopes, 

417. 
Surveying,  38. 

drill  holes,  243. 

methods,  67. 

Underground,  56,  67. 
Susquehanna  Coal   Co.  (friction  of 

mine  cars),  98. 
Swedish  measures  of  length,  4. 
Switches,  413. 
Symbols,  Chemical,  841. 
Synchronous  motors,  226. 
Systems  of  wc^king  coal,  280. 

Table,  Coal  Daalera*  CMipitlai,  462. 
Tables  of  Barrier  Pillars,  288. 

batteries,  231. 

circles,  545. 

circumferences  and  areas  of  cir- 
cles, A  to  100,  56L 

CiHnbusables,  166. 

elements,  342. 

hydraulic,  135-154. 

logarithms  of  numbers.  473. 

logarithms  of  trigonometric  func- 
tions, 4^. 

mine  gases,  349. 

natural  sines  and  cosines,  453. 

natural  tangents  and  cotangents, 
464. 

rail  elevations.  412. 

reciprocals,  545. 

squares,  cubes,  square  roots,  cube 
roots,  circumferences  and  areas, 
54&-560. 

Stadia,  88. 

strength  of  materials,  102-106. 

traverse  (latitudes  and  depar- 
tures), 537. 

well-known  shafts,  261. 
{Fof  tables  not  enumerated  above  see  the 

various  subjects.) 
Tail-rope  haulage,  400. 
Tamping,  831. 
Tangent,  35,  453. 

Tangents,  Natural,  Table  of,  464. 
Tappets  for  stamps,  429. 
Teetn  for  rolls,  422. 
Telephones  in  mines,  233. 
Telpherage,  278. 
Temperature,  Absolute,  344,  345. 

Measurement  of,  366. 
Tension  on  hauling  rope,  Calculation 

of,  401. 
Tertiary  splits,  374. 
Tesla,  Cal.,  method  of  mining,  300. 
Test  of  mine-car  frictions.  98. 
Testing  for  gas  by  lamp  flame,  354. 

lamps.  355. 
Tests,  Boiler,  188. 

Fan,  392. 

of  compressive  strength  of  an- 
thracite, 290. 
Thawing  dynamite,  329. 
Theory  of  ur  compression,  194. 

Jigging,  439. 


Theory  of  stadia  measurements,  81. 

Thermal  unit,  168. 

Thermometer  readings.    Conversion 

of,  366. 
Thermometers,  366. 
Thickness  of  boiler  iron,  187. 

pipe,  133. 
Thin  seams,  Mining,  813. 
Three-phase  alternators,  226. 
Thurston,  table  of  lubricants,  102. 
Ties  for  mine  roads,  410. 
Timber,  Crushing  load  of,  106. 

Gangway,  268. 

ioints,  267. 

Level,  268. 

measure,  12. 

Placing  of,  266. 

Preservation  of,  266. 

Size  of,  267. 
Timbering,  265. 

Forms  of,  267. 

longwall  face,  284. 
Tools  for  sinking,  263. 
Torque,  220. 
Track  iron,  117. 
Tracks  for  shaft  bottoms,  416. 

Mine,  410. 
Tractive    efforts    of   compressed-air 

locomotives,  404. 
Train  of  gears,  92. 
Transformers,  228. 
Transit,  40. 

adjustment,  41. 

notes,  60. 

surveying,  45. 
Transmission  of  air  in  pipes,  196, 198. 

Electric,  210. 

pressure  through  water,  1S2. 

Rope,  120, 122. 
Transpiration  of  gases,  346, 348. 
Transporting    a    wounded    person, 

450. 
Transverse     rooming    with    filling, 

Olil. 

Trapeziums,  80. 
Trapezoids,  30. 
Traverse  tables,  537. 
Traversing  a  survey,  51. 
Treatment  of  injured  persons,  449. 

persons  overcome  by  gas,  451. 
Tremain  stamp,  431. 
Trestles,  274. 
Triangles,  28,  35. 
Trigonometric  leveling,  66. 
Trigonometry,  34. 
Triple  entry,  284. 
Trommels,  433. 
Trough  washer,  437. 
Troy  weight,  1. 
True  north  from  Polaris,  46. 

with  the  Burt  solar,  48. 
T-square  method  of  plumbing  shafts, 

73. 
Tunnels,  265. 

Flow  of  water  through,  147. 
Turbines,  158. 
Turnouts,  413. 
Two-phase  alternators,  226. 
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Undtrcasts.  S98. 
Undercutune,  283. 
Underground  prospecting,  239. 

supports,  267. 

surveying,  56,  67. 
Underhand  sloping,  316. 
Undersetting  or  props,  267,  276, 277. 
Undershot  wheels,  157. 
Unequal  splits  of  air,  874. 
Units  of  electricity,  208. 

of  resistance.  Electric,  203. 

of  work.  Electric,  206. 
Unloading  coal,  Ck>8t  of,  447. 
Useful  horsepower  during  winding, 

To  find,  397. 
Use  of  compass,  89. 

Vacuum  Pumpa,  164. 

Vacuum  system  of  ventilation,  886. 

ValueofafUel,  166. 

Values  of  explosives,  835. 

Valves,  Pump,  162. 

Safety,  185. 
Variation,  Barometric,  389. 

of  ventilation  elements,  3?2. 

To  turn  off  the,  89. 
Velocity,  Coefficient  of  (water),  135. 

of  air-current,  364. 

of  a  water  jet,  135. 

of  water  through  pump  passages, 
160. 
Ventilating  currents.  Measurements 

of.  364. 
Ventilation  elements,  363. 

elements,  Variation  of,  372. 

formulas,  370. 

in  shaft  sinking,  263. 

methods  and  appliances,  381. 

of  Mines,  337. 

of  rise  and  dip  workings,  382. 
Ventilators,  Mechanical,  885. 
Verniers.  Beading,  39. 
Versed  sine,  35. 
Vertical  angle,  51. 

curves  on  slopes,  416. 

distances,  50,  87,  537. 

distances,  stadia  table,  87. 
V  Notch,  137. 
Volatile  combustible  matter  of  coal, 

171, 174. 
Volume  and  absolute  pressure,  845. 

and  absolute  temperature.  Rela- 
tion of,  345. 

Atomic,  341. 

Measures  of,  5. 

Specific,  341. 

Waddle  Ventilator.  887. 

Wall  plates,  270. 

Wardle's  formula  for  shaft  pillars,  285. 

Washers,  Ore  and  coal,  436. 

Weight  of,  116. 
Waste  gates,  146. 

ways,  155. 
Water,  Battery,  480. 

buckets,  164. 

column    corresponding   to    any 
mercury  column,  840. 


Water  elevators.  164. 

flow  througn  orifices,  185. 

gEiuge,  186,  865. 
auglng,  136. 

level,  186. 

memoranda,  163. 

power,  156. 

raised  by  single-acting  lift  pump, 
162. 

weight  of,  107. 130. 
Waterproof  push  button,  234. 
Waterwheels,  157. 

See  Wheels. 
Watt-hour,  206. 
Weather-proof  wire,  212. 
Wedge,  93. 
Weight,  Apothecaries',  1. 

Atomic,  844. 

Avoirdupois,  2. 

Metric,  2. 

Troy,  1. 
Weight  of  atmosphere,  837. 

boltheads,  nuts,  and  washers,  116. 

bolts,  116. 

castings.  111. 

chains,  130. 

coal,  170. 

flat  wrought  iron,  115. 

gases,  344. 

Iron  pipe,  113. 

materials,  102. 

plates  of  steel,  wrought  iron,  etc., 
112. 

standard  steel  buckets,  446. 

water,  107, 130. 

wire  ropes,  119. 

wrought  iron,  114. 
Weight  on  pillars  at  different  depths. 

Table  of,  287. 
Weights  and  measures,  7. 
Weir  discharge,  140. 
Weirs,  138. 

Well  drilling,  Cost  of,  242. 
West  Virginia  method  of   mining, 

296. 
West  Vulcan  telephone  system.  234. 
Wheel  and  axle,  92. 
Wheels,  Water,  167. 

Breast,  157. 

Impulse,  158. 

Overshot,  158. 

Turbines,  158. 

Undershot,  157, 
Whitedamp,  349. 
Whiting  system  of  hoisting,  396. 
Williams'  method  of  mining,  312. 
Wing  dams,  156. 
Winslow,  Arthur,  81. 
Winzes,  316. 
Wire  gauge  122k,  207. 

nails,  114. 
Wire  rope,  118. 

calculations,  124. 
fastenings,  126. 
flattened-strand  rope,  122. 
glossary,  !22h. 
Inspection  of,  I24b. 
Life  of,  1221. 
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Wire  rope  lubrication,  124b. 

size  of  drums  for,  1221. 

splicing,  127. 

suspension  cableways,  122b. 

tramways,  122c. 

transmission  of  power  by,122d. 

Wear  of,  124b. 

Weight  and  strength  of,  119. 
Wiring,  Bell,  230. 
Electric,  207. 
Wolf  lamp,  358. 
Wood,  Crushing  load  of,  105. 


Wood  fuel,  Value  of,  166. 

screws,  113. 
Wooden  beams,  102. 

Constants  for,  103. 
dams,  154. 
Working  load  for  wire  rope,  120. 

Methods  of,  277. 
Wrought  iron,  Flat,  115. 
Wyoming  region.  Costs  of  mining  in 
325. 

Zino,  Wvifht  of,  111. 


^^^ 


m  m 

m  m 


=«t€ 


pr 


^ 


^ 


r 


^ 


r 


^ 


r 


r 


^ 


r 


^ 


T 


/--Tc/ 


*'*' 


1 


